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DESCRIPTION 

RECEPTOR TYROSINE KINASE INHIBITORS FOR INHIBITING CELL 
PROLIFERATIVE DISORDERS AND COMPOSITIONS THEREOF 

RELATED APPLICATIONS 
The present application is a continuation-in-part of 
Chen et al . , entitled "METHODS AND COMPOSITIONS FOR 
INHIBITING CELL PROLIFERATION DISORDERS," U.S. serial 
number 08/207,933, filed March 7, 1994, the entire 
contents of which, including the drawings, are hereby 
incorporated into the present application. 

FIELD OF THE INVENTION 
The present invention relates to methods and composi- 
tions for inhibiting cell proliferative disorders. The 
described methods are particularly useful for inhibiting 
5 cell proliferative disorders characterized by over- 
activity and/or inappropriate activity of a receptor 
tyrosine kinase. 

BACKGROUND OF THE INVENTION 
Receptor tyrosine kinases belong to a family of 

10 transmembrane proteins and have been implicated in cellu- 
lar signaling pathways. The predominant biological 
activity of some receptor tyrosine kinases is the stimula- 
tion of cell growth and proliferation, while other recep- 
tor tyrosine kinases are involved in arresting growth and 

15 promoting differentiation. In some instances, a single 
tyrosine kinase can inhibit, or stimulate, cell prolifera- 
tion depending on the cellular environment in which it is 
expressed. (Schlessinger , J. and Ullrich, A., Neuron, 
9(3) :383-391, 1992. ) 

20 Receptor tyrosine kinases contain at least seven 

structural variants. All of the receptor tyrosine kinases 
are composed of at least three domains: an extracellular 
glycosylated ligand binding domain, a transmembrane domain 
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and a cytoplasmic catalytic domain that can phosphorylate 
tyrosine residues. Ligand binding to membrane -bound 

receptors induces the formation of receptor dimers and 
allosteric changes that, activate the intracellular kinase 
5 domains and result in the self -phosphorylation (autophosp- 
horylation and/or transphosphorylation) of the receptor on 
tyrosine residues. 

Receptor phosphorylation stimulates a physical 
association of the activated receptor with target 
10 molecules. Some of the target molecules are in turn 
phosphorylated, which transmits the signal to the 
cytoplasm. For example, phosphorylation of phospholipase 
C-7 activates this target molecule to hydrolyze 
phosphatidylinositol 4,5-bisphosphate, generating two 
15 secondary signal transducing molecules: inositol 
. triphosphate, which causes release of stored intracellular 
calcium, and diacylglycerol , which is the endogenous 
activator of a serine/threonine kinase, protein kinase C. 
Other target molecules are not phosphorylated, but assist 
20 in signal transmission by acting as docking or adapter 
molecules for secondary signal transducer proteins. For 
example, receptor phosphorylation and the subsequent 
allosteric changes in the receptor recruit the Grh-2/SOS 
complex to the catalytic domain of the receptor where its 
25 proximity to the membrane allows it to activate ras 
(reviewed in Schlessinger, J. and Ullrich, A., Neuron, 
supra) . 

The secondary. signal transducer molecules generated 
by activated receptors result in a signal cascade that 

30 regulates cell functions such as cell division or 
differentiation. Reviews describing intracellular signal 
transduction include Aaronson, s.A., Science 
254:114 6-1153, 1991; Schlessinger, J. Trends Biochem. 
Sci., 13:443-447, 1988; and Ullrich, A., and Schlessinger, 

35 J., Cell, ^1:203-212, 1990. 

Various cell proliferative disorders have been 
associated with defects in different signaling pathways 
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mediated by receptor tyrosine kinases. According to 
Aaronson , S . A . , supra : 

Signaling pathways that mediate the normal 
functions of growth factors are commonly 
subverted in cancer. 

Examples of specific receptor tyrosine kinases 

associated with cell proliferative disorders include, 

platelet derived growth factor receptor (PDGFR) , epidermal 

growth factor receptor (EGFR) , and HER2 . The gene 

encoding HER2 (her-2} is also referred to as neu, and c- 

erbB-2 (Slamon, D.J., etal.. Science, 235:177-182, 1987). 

HER2/neu gene amplification has been linked by some 

investigators to neoplastic transformation. For example 

Slamon et ai . , supra, (hereby incorporated by reference 

15 herein) asserts: 

The Her-2/neu oncogene is a member of the erB- 
like oncogene family, and is related to but 
distinct from the epidermal growth factor 
receptor. The gene has been shown to be 
20 amplified in human breast cancer cells. 

According to Scott et al . , supra, (hereby incorporated by 
reference herein) : 

Amplification and/or overexpression of HER2/neu 
has been detected in gastrointestinal, non-small 

25 cell lung, and ovarian adenocarcinomas and 

occurs in a significant fraction of primary 
human breast cancers where it correlates with 
regionally advanced disease, increased 
probability of tumor recurrence, and reduced 

30 patient survival, (Citations omitted). 

Publications discussing EGFR and cancer include 
Zeillinger et ai . , Clin. Biochejn, 2^:221-227, 1993; where 
it is asserted: 

Increased expression of this receptor [EGFR] has 
been found in various malignancies. In 
carcinomas of the cervix, ovaries, esophagus, 
and stomach, positive EGF-R status is definitely 
associated with the aggressiveness of the tumor. 



40 



With regard to breast cancer the importance 
attached to the determination of EGF-R has been 
confirmed by reports by several groups on the 
positive correlation between EGF-R and relapse- 
free interval, as well as overall survival, 
(Citations omitted.) 
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Other references discussing cancer and EGFR include 
Karameris et al.. Path. Res. Pract. 185:133-137, 1993,. 
Hale et al., J. din. Pathol 4^:149-153, 1993; Caraglia et 
al.. Cancer Imnunol Iimunother 37.-150-156, 1993; and 
5 Koenders et al.. Breast Cancer Research and Treatment 
25:21-27, 1993). (These references, which are not 
admitted to be prior art, are hereby incorporated by 
reference herein.) 

Compounds able to inhibit the activity of receptor 
10 tyrosine kinases have been mentioned in various 
publications. For example, Gazit et al., J. Med. Chew. 
34:1896-1907 (1991). examined the receptor tyrosine kinase 
inhibitory effect of different tyrphostins. According to 



15 



20 



Gazit : 



Among the novel tyrphostins examined we found 
inhibitors which discriminate between the highly 
homologous EGF receptor kinase (HERl) and 
ErbB2/neu kinase (HER2) . These findings may 
lead to selective tyrosine kinase blockers for 
the treatment of diseases in which ErbB2/neu is 
involved. 



In a later publication Gazit et al., J. Med. Chem. 
36. -3556 -3564 (1993) (not admitted to be prior art) 
describe tyrphostins having a S-aryl substituent in the 5 
25 position. According to Gazit: 

We find that these compoxinds are potent blockers 
of EGFR kinase and its homolog HER- 2 kinase 
Interestingly, we find that certain S- 
_^ aryl tyrphostins discriminate between EGFR and 

3 0 HER- 2 kinase in favor of the HER- 2 kinase domain 

by almost 2 orders of magnitude. When examined 
m intact cells it was found that these 
selective 5- aryl tyrphostins are equipotent in 
■ac inhibiting EGF dependent proliferation of NIK 

•^^ 3T3 harboring either the EGF receptor or the 

chimera EGF/neu HERl -2. 

OSherov et al., Journal of Biological Chemistry 265:11134, 
1993 (not admitted to be prior art), mentions the 
development of two groups of tyrphostins: 
40 one is highly selective in inhibiting HERl [EGF] 

as compared with HER2 kinase activity, and the 
other as highly selective in inhibiting HER2 
activity compared with HERl kinase activity 
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SUMMARY OF THE INVENTION 
The present invention concerns methods and compounds 
which can be used to inhibit EGFR and/or HER2 activity, 
preferably HER2 activity. The described methods and 
5 compositions are particularly useful for treating cell 
proliferative disorders, such as cancers characterized by 
over- activity or inappropriate activity of HER2 or EGFR. 

Groups of compounds able to inhibit HER2, and groups 
of compounds able to inhibit EGFR are described herein 

10 (See, Figure 1) . Also described, are exemplary compounds 
belonging to different groups, and guidelines which can be 
used to obtain additional compounds belonging to the 
different groups, . 

In addition to use as a therapeutic additional uses 

15 of the described compounds including use for in vitxo 
studies to determine the mechanism of action of receptor 
tyrosine kinases, preferably HER2 or EGFR; use as lead 
compounds to design and screen for additional compounds 
able to effect receptor tyrosine kinase activity, 

20 preferably inhibit HER2 or EGFR, activity; and use to help 
diagnose the role of a receptor tyrosine kinase in a cell 
proliferative disorder. For example using standard 
assays, the active site of the kinase acted upon by any 
one of the compounds described herein may be determined, 

25 and other compounds active at the same site determined. 

"Cell proliferative disorders" refer to disorders 
wherein unwanted cell proliferation of one or more 
subset (s) of cells in a multicellular organism occurs, 
resulting in harm ( e.g. , discomfort or decreased life 

30 expectancy) to the multicellular organism. Cell 
proliferative disorders can occur in different types of 
animals and in humans. Cell proliferative disorders 
include cancers, blood vessel proliferative disorders, and 
fibrotic disorders. 

35 A particular disorder is considered to be "driven" 

or caused by a particular receptor tyrosine kinase if the 
disorder is characterized by over-activity, or 
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inappropriate activity, of the kinase and a compound which 
can inhibit one or more receptor tyrosine kinase 
act.vxtxes exerts a therapeutic effect when administered 
to a patient having the disorder. 

A "therapeutic effect" generally refers to either the 
inhxbxtxon, to some extent, of growth of cells causing or 
contributing to a cell proliferative disorder; or the 
inhibition, to some extent, of the production of factors 
(e^, growth factors) causing or contributing to a cell 
proliferative disorder, a therapeutic effect relieves to 
some extent one or more of the symptoms of a cell 
proliferative disorder, m reference to the treatment of 
a cancer, a therapeutic effect refers to one or more of 
the following: 1) reduction in the number of cancer cells; 
2) reduction in tumor size; 3) inhibition (i.e., slowing 

infiZt ^"^^^^^^ Of cancer cell 

infiltration into peripheral organs; 3) inhibition (i e 
slowing to some extent, preferably stopping) of '^Jr 
metastasis; 4) inhibition, to some extent of tZor 
20 growth; and/or S) relieving to some extent one or more of 
the symptoms associated with the disorder. m reference 
to the treatment of a cell proliferative disorder other 
than a cancer, a therapeutic effect refers to either: 1) 
the inhibition, to some extent, of the growth of cells 
causing the disorder; 2) the inhibition, to some extent, 
of the production of factors (e^, growth factors) 
causing the disorder; and/or 3) relieving to some extent 
one or more of the symptoms associated with the disorder. 

When used as a therapeutic the compounds described 
TcZl ^^^^^^^^"^^^ administered with a physiologically 
acceptable carrier. A physiologically acceptable carrier 
IS a formulation to which the compound can be added to 
dissolve it or otherwise facilitate its administration 
Examples of physiologically acceptable carriers include 
water, salme, physiologically buff ered saline, cyclodext- 
rins and PBTE:BSW (described below). Hydrophobic Z- 
pounds are preferably administered using a carrier such as 



25 
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PBTE:D5W. An important factor in choosing an appropriate 
physiologically acceptable carrier is choosing a carrier 
in which the compound remains active or the combination of 
the carrier and the compound produces an active compound. 
5 The compound may also be administered in a continuous 
fashion using a slow release formulation or a pump to 
maintain a constant or varying drug level in a patient. 

Thus, a first aspect of the present environment 
describes a class of receptor tyrosine kinase inhibitor 
10 compositions. By an "inhibitor" of a receptor tyrosine 
kinase is meant that the compound reduces to some extent 
one or more activities of HER2, EGFR and/or PDGFR. 
Preferably, tyrosine kinase inhibitors can significantly 
inhibit the activity of HER2 , EGFR and/or PDGFR. By 
"significantly inhibit" is meant the compound has an IC50 
less than 50 in an assay described in the examples 
below. The compositions are made up of a compound having 
the chemical formula : 



15 




where R,, R,, and R3 is each independently selected 
20 from the group consisting of alkyl, alkenyl, alkynyl, 
alkoxy. alkylaryl, OH,' amine, thioether. SH, halogen, 
hydrogen, NO, and NH,; and R, is an alkylaryl comprising an 
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alkyl group, and an aryl group having the followina 



Structure 




where X, , X 



2' 



^3/ 



and Xc 



is each independently 



10 



selected from the group consisting of hydrogen, halogen, 
alkyl, alkoxy, OH, trihalomethyl , and NO,; preferably 
hydrogen, halogen, alkyl, trihalomethyl, and NO,. 

Another aspect of the present invention describes a 
second class of receptor tyrosine kinase inhibitor 
compositions. These compositions are made up a compound 
having the chemical formula: 




where R,, r,, and is each independently selected 
from the group consisting of alkyl; alkenyl, 
alkoxy, alkylaryl, OH, 
hydrogen, NO, and NH,; 
15 y is either, nothing, -C(CN)=C-, -alkyl-. 



alkynyl, 

amine, thioether, SH, halogen. 



and 



-NH- alkyl-; 
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R5 is either CN or aryl . 



Another aspect of the present invention describes a 
third class of receptor tyrosine kinase inhibitor 
compositions. These compositions are made up of a 
5 compound having the chemical formula: 




where R|, R2, R3 and is each independently selected 
from the group consisting of alkyl, alkenyl, alkynyl, 
alkoxy, alkylaryl, halogen, hydrogen, OH, NO2, amine, 
thioether, SH and NHj; and 

X,, Xj, X3, X4, and X5 are each independently selected 
from the group consisting of hydrogen, halogen, trihalo- 
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^2' 



X3, 



10 

methyl, and NO^, provided that at least one of X,, 
X4, and Xj is a trihalomethyl . 

Another aspect of the present invention describes a 
fourth class of receptor tyrosine kinase compositions. 
These compositions are made up of a compound having the 
chemical formula: 




CN 



R3 



where R, and R3 is each independently selected from 
the group consisting of alkyl, alkenyl, alkynyl, alkoxy, 
alkylaryl; and 

10 is selected from the group consisting of alkyl, 

alkylaryl, amide, and thioamide. 
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Another aspect of the present invention describes a 
fifth class of receptor tyrosine kinase compositions. 
These compositions are made up of a compound having the 
chemical formula: 

R7 O 



t 




Rio O 



where R7, Rg, R^, and R^j, is each independently- 
selected from the group consisting of alkyl, alkenyl, 
alkynyl, alkoxy, alkylaryl, OH, NOj, amine, thioether, SH, 
halogen, hydrogen and NHj; 

Rj2 has the chemical structure : 



^6 



where is either O or S and is either methyl or 
trihalomethyl ; and 
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R,3 is either aryl or alkylaryl . 

Another aspect of the present invention describes a 
compound able to inhibit protein tyrosine kinase activity 
selected from the group consisting of: M16, N17, N21, N22, 
5 N23, N29. R9, RIO, Rll, R12 and R13 . 

Another aspect of the present invention a method of 
treating a patient having a cell proliferative disorder 
characterized by over-activity or inappropriate activity 
of a receptor tyrosine kinase, preferably EGFR, PDGFR, or 
10 HER2, more preferably HER2. The method involves the step 
of administering to a patient a therapeutically effective 
amount of one the compounds described herein; Preferably, 
the cell proliferative disorder is a cancer. 

Another aspect of the present invention describes a 
15 method of treating a patient having a cell proliferative 
disorder characterized by inappropriate or over-activity 
of HER2. The method involves administering to the patient 
a therapeutically effective amount of a compound able to 
significantly inhibit HER2 activity. Preferably, the 
20 compound selectively inhibits HER2 . The composition is 
selected from one of the following: 

a) a compound having the chemical formula: 
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where R,, Rj, r,, and R^ is each independently selected 
from the group consisting of alkyl, alkenyl . alkynyl , 
alkoxy, alkylaryl, OH, NO^, amine, thioether, SH, halogen,' 
hydrogen and NH^,- and 

R4 is selected from the group consisting of alkyl, 
alkylaryl, thioamide, amide, CN, and sulfonyl . 

b) a compound having the chemical formula: 



R7 o 




Rio O 



10 



where R,, r,, r^, and R,o, is each independently 
selected from the group consisting of alkyl, alkenyl, 
alkynyl, alkoxy, alkylaryl, OK, NO,, amine, thioether SR. 
halogen, hydrogen and NH,; 

R,2 is selected from the group consisting of alkyl 
alkenyl, alkynyl, alkoxy, ester, amide, thioamide,' 
alkylaryl, trihalomethyl , CN, OH, amine, thioether, SH, 
15 NH2, and hydrogen; and 

R,3 is selected from the group consisting of aryl, 
alkyl, alkenyl, alkynyl. CN, alkylaryl, amide, and 
thioamide ; 
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c) a compound having the chemical formula 




• ^ "^^^""^ R.9- is each independently 

selected from the group consisting of hydrogen -alkyl 
alkenyi, alkynyl, alkoxy, OH, NO,, amine, thioether, and 

oH ; and 

R20 is selected from the group consisting of alkyl 
aryl, and alkylaryl; and ' 

d) a compound having the chemical formula: 




where R,„ r^,, r^^, R^, are each independently 

Z consisting of hydrogen, halogen, 

OH SH. alkyl. aryl, trihaloalkyl, preferably hydrogen, 
halogen, OH, or SH; . ^ 
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R26 is either CH^ or NH; 

R„ is either aryl or =C(CN)j; and 

R28 is either nothing or H, provided that if R^g is 
nothing a double bond is present between N and R^,. 
5 e) compound R9, Rll, R13, and R15. 

Different types of cell proliferative disorders 
characterized by inappropriate or over-activity of HER2 
can be treated using the compounds and methods described 
herein. Examples of such disorders include: cancers such 
10 as blood cancers; breast carcinomas, stomach 
adenocarcinomas , sal ivary gland adenocarcinomas , 
endometrial cancers, ovarian adenocarcinomas, gastric 
cancers, colorectal cancers, and glioblastomas, where the 
cancer is characterized by over-activity or inappropriate 
15 activity of HER2 . 

Another aspect of the present invention describes a 
method of treating a patient having a cell proliferative 
disorder characterized by inappropriate EGFR activity. 
The method involves administering to the patient a 
therapeutically effective amount of a compound able to 
significantly inhibit EGFR activity. Preferably, the 
compound selectively inhibits EGFR. Several EGFR 
inhibitor compounds fall within the generic structures of 
HER2 compounds described in the previous aspects. 
Additionally, compounds Rio and Rll can selectively 
inhibit EGFR activity. 

Another aspect of the present invention describes a 
method of determining the importance of a receptor 
tyrosine kinase in cellular growth. The method involves 
3 0 the steps of: 

a) contacting a cell with a composition comprising 
a compound which significantly inhibits the activity of 
one or more receptor tyrosine kinases selected from the 
group consisting of: EGF.R. PDGF-R, and HER2; and 
35 b) measuring cell growth after step (a) . 
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other features and advantages of the invention will be 
apparent from the following description of the preferred 
embodiments thereof, and from the claims. 

BRIEF DE SCRIPTION OF THF: FIGURES 

5 Figures la- id illustrate the chemical structures of 

Groups I, II, III, and IV compounds respectively. 

Figures 2a-e illustrate the chemical structures of 
five novel classes of tyrosine receptor kinase inhibitors. 
Figures 3a- 1 illustrate the chemical structures of 
10 exemplary tyrosine kinase inhibitors belonging to Group I. 

Figure 4a-e illustrates the chemical structures of 
exemplary tyrosine kinase inhibitors belonging to Group 
II. 

Figures 5a-b illustrate the chemical structures of 
15 exemplary tyrosine kinase inhibitors belonging to Group 
III. 

Figure 6 illustrates the chemical, structures of 
exemplary tyrosine kinase inhibitors belonging to Group 



20 



IV. 



Figure 7a- c illustrates the chemical structures of 
additional tyrosine kinase inhibitors. 



DETAILED PF qcRIPTTOM QF THF TIsrVENTTONT 
The present disclosure describes compounds and 
methods which can be used to inhibit receptor tyrosine 
25 kinase activity. The compounds and methods are preferably 
used in the treatment of cell proliferative disorders 
characterized by over-activity or inappropriate activity 
of a receptor tyrosine kinase. Different groups of HER2 
and EGFR compounds are described, as are novel compounds 
30 which can inhibit one more receptor tyrosine kinase 
selected from the group consisting of HER2 and EGFR. 

The compounds described herein can differ in their 
selectivity. Selectivity, or selective inhibition refers 
to the ability of a compound to significantly inhibit the 
35 activity of a first receptor tyrosine kinase (i^. HER2, 
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EGFR, or PDGFR) or growth of a cell containing the first 
receptor tyrosine kinase, but not significantly inhibit a 
second receptor tyrosine kinase ( i.e. , HER2, EGFR, or 
PDGFR) or growth of a cell containing the second receptor 
5 tyrosine kinase. Preferably, the activity is measured in 
an assay measuring cell growth as described below. 

In general, it is preferred that a therapeutic 
compound be selective for a particular receptor tyrosine 
kinase. Receptor tyrosine kinases are important in many 

10 biological processes including cell growth, 
differentiation, aggregation, chemotaxis, cytokine 
release, and muscle contraction. Many of these events are 
mediated through different tyrosine kinase receptors. In 
addition, different tyrosine kinase receptors may be 

15 important for a particular biological function in 
different cell types. By developing selective inhibitors 
for a particular receptor tyrosine kinase, such as HER2 or 
EGFR, the potential toxic effect of the compound is 
decreased. In those conditions where more than one 

20 receptor tyrosine kinase plays a role ( e.g. . HER2 and 
EGFR) a compound which can inhibit both of these 
activities, but not other receptor kinases ( e.g. . PDGFR) , 
would be preferred. 

Various examples are provided below illustrating 

25 different aspects of the invention. Unless otherwise 
stated these examples are not intended to limit the 
invention. 

I. Chemical Definitions 
The following is a list of some of the definitions 
30 used in the present disclosure. An "alkyl" group refers 
to a saturated aliphatic hydrocarbon, including straight - 
chain, branched -chain, and cyclic alkyl groups. 
Preferably, the alkyl group has 1 to 12 carbons. More 
preferably, it is a lower alkyl of from 1 to 7 carbons, 
35 more preferably 1 to 4 carbons. The alkyl group may be 
substituted or unsubstituted. When substituted the 
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substituted group,., p„ferably. hyd.oxyl, cyano 

alfcoxy, .0, -s, NO,. N,CH,,„ amino, or SH 

.w.o:rjru;^\j:ri„;r-a;t\r T""-'- 
s aou.i. .o„d, i„oiudi„. =trai;t-..::::ure:rar:: 

cycUc groups. Preferably, the altenyl group has I to 12 

carbons, more preferably l to 4 carbons. The alkenvl 
XO t:::^ ^J-""^-'- - unsubstitute^. «hen s^ 

o "rr rrr hy^ro^cyi, 

An ^Ifcy^yl" group ref ers . to an unsaturated hydrocar- 
bon group containing at least „ v y^rocar 
h,^„rf • , J. -least one carbon-carbon triole 

bons. More preferablv ii- ^o -i ^-o -i^ car- 

7 carbo.. ^= ^ ^ower alkynyl of from i to 

X ; r rufstrtL' '° ' -^^^ --^^ 

substituted, the : ed"tr""""" 
= 0 hydroxyl, cyano, al.oxy, .0. .s lo ^L ^ 

. . - "(CHj),, ammo or SH. 

sn alkoxy" group refers to an --o-alkyl- groun 
"here "alkyl- is defined as described above ^' 

at le^t'oZ'" -^"T " ^'-^ 

preferably phenyl Tr' pyridyl , aThair' ' = ' 

!0 hydroxyl, SH OH NO '"h^l^-^hyl , 

al.yra;d aJin! gr::;.'"""^' '""""^ ^ — ■ 
abover "ovaltr/" "'"^ " ^" ^^''^^ ^-"^"^-^ 

^ =b%,'r a:;ris7\-iL- ^^^^^^ 

atoms"rtr:::^r r~\r^\--- - 

r.=.^w ^ ^-^^ carbon atoms The 

carbon atoms are optionally substituted. 
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"Heterocyclic aryl " groups . are groups having from 1 
to 3 heteroatoms as ring atoms in the aromatic ring and 
the remainder of the ring atoms are carbon atoms . 
Suitable heteroatoms include oxygen, sulfur, and nitrogen, 
5 and include furanyl, thienyl, pyridyl, pyrrolyl, N- lower 
alkyl pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the 
like, all optionally substituted. 

An "amide" refers to an -C(0)-NH-R, where R is either 
alkyl, aryl, alkylaryl or hydrogen. 
10 A "thioamide" refers to -C{S)-NH-R, where R is either 

alkyl, aryl, alkylaryl or hydrogen. An "ester" refers to 
an -C(0)-OR', where R' is either alkyl, aryl, or 
alkylaryl . 

An "amine" refers to a -N(R'')R''', where R' ' and 
15 R' ' ' , is independently either hydrogen, alkyl, aryl, or 
alkylaryl, provided that R' ' and R' ' ' are not both 
hydrogen . 

A "thioether" refers to -S-R, where R is either 
alkyl, aryl, or alkylaryl. 
20 A "sulfonyl" refers to -S(0)2-R, where R is aryl, 

C(CN) =C-aryl, CHj-CN, alkylaryl, NH-alkyl, NH-alkylaryl, or 
NH-aryl. 

II. Receptor Tyrosine Kinase Inhibitory Compounds 
Different groups of receptor tyrosine kinase 
25 inhibitor compounds are described below. 

A. Group I Compounds 
Group I compounds have the general structure : 
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alkyl, alkenyl, alkynyl, alkoxy, alkylarvl OH »n ■ 
an. .rirCeT ^^"^ ^ ^ 



TABLE T 




wo 95/24190 



PCT/US95/02826 



21 



10 



M23 


OH 


OH 


T 
I 


C(=0)NHCH2-phenyl 


H 


M24 




KJri 


isopropyl 


C( = S)NH(CH2)3-phenyl 


H 


M25 


idupi U|jyi 




isopropyl 


C(=S)NHi 


H 


M26 




vyxl 


isopropyl 


S02-pynd-2-yl 


H 


M27 




KJti 


isopropyl 


^^'VT 

SOj-CHi-CN 


H 


M28 


SOVU 1 wl' Y 1 


rw 
\jn 


isopropyl 


C(=0)NH-4-CFj-phcnyi 


H 


M29 


isnnrnnvl 




isopropyl 


S02C(CN) =C-3,5-diisopropyl-4- 
hydroxy-phenyl 


H 


M30 


tsopropyl 


OH 


isopropyl 


SOj-phenyl 


H 


M31 


methyl 




methyl 


SOj-pheny! 


H 


M32 


methyl 


OH 


methyl 


S02-pyrid-2-yl 


H 


M33 


;-butyI 


OH 


/-butyl 


SOj-phenyl 


H 


M34 


/-butyl 


OH 


/-butyl 


S02-pyrid-2-yI 


H 


M35 


/-butyl 


OH 


/-butyl 


C(=0)NH-4.CF3-phenyI 


H 


M36 


/-butyl 


OH 


/-butyl 




H 


M37 


/-butyl 


OH 


/-butyl 


SOjC(CN)=C-3,5-di-/-butyU. 
hydroxyl-phenyl 


H 


M38 


methyl 


OH 


methyl 


S02-C(CN)-C-3,5-dimethyl-3- 
hydroxyl-phcny! 


H 


M39 


H 


NO, 


OH 


C(=0)NH(CH2)3.phenyI 


H 


M40 


/-butyl 


OH 


/-butyl 


SO^-NH-CHrphenyl 


H 


M4I 


isopropyl 


OH 


isopropyl 


SOj-NH-CHj-phenyl 


H 


M42 


methyl 


OH 


methyl 


SOj-NH-CHrphenyl 


H 


M43 


r-butyl 


OH 


/-butyl 


S0j-NH-(CH2)j-phenyI 


H 


M44 


isoproply 


OH 


isopropyl 


Sa-NH-(CH2)2-phenyl 


H 


M45 


methyl 


OH 


methyl 


S0,-NH-(CH2)j-phenyl 


H 
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and R3 are important 



In general, it appears that 
25 positions for the placement of hydrophobic groups such as 
alkoxy, bromine, halogen, alkyl, and alkylaryl , 

Thus, in one preferred embodiment of Group I 
HER2 inhibitors the preferred R group are as follows: 

R, and R3 are independently selected from the group 
30 consisting of alkoxy, iodine, alkyl, or alkylaryl. More 
preferably, R, and R3 are independently t-butyl, isopropyl, 
or iodine; 

R2 is OH; 
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^ ^B either CN, alkyl. alkylaryl. a.ide, thioa^ide 
or .ulfonyl. Preferably. .j,,., ^^^^J^"' 

C^-0,m,3-cP,-phenyl,, C ,=0, «« ,c„,, phenyl, 3.aL r : 
cya„o-l-pyrazol-5-yl. =-ph=nyl-3-ami„o-4 -cya„o-2-pyrazol- 

suWonyl having the structure so,-R (see definition section 

CtCK.c-aryl. or CH-CN-aryl. Preferably, the Zyl 

10 (including the aryl in alkylaryl, has l to s grouos ellh 

independently selected fro„ the group consisting o 

hydrogen, halogen, trihalcethyl , hydroxyl, SH, OH „o ' 

IT' 'f 

IS substituents are each independently h' 

t butyl or isopropyl; „ore preferably 1 to 3 substitueL; 
a« each independently either OB, „ethyl, t-butyl or 

Thetryr"^-^ - 
p-erred^;uj;^t:zLrs:::::Lrre^r^^^ 

Rfi is hydrogen. 

A second preferred embodiment describinq HER2 
inhxbxtors are describes as follows. 

butyl, isopropyl, or OH; 
is OH; 

Ra is either alkyl, halogen, hydrogen or OH 
preferably t-butyl, isopropyl, hydrogen or iodine 
R4 xs either CN, alkvl allrvi=>>-,n 

30 or sulfonyl. Preferali;,"t 73 ' aut; "^r"- 
C{=0)NH(CH,),-phenyl C(-qiKm ^' 

criTT^^'T^" • --'^-..-phen^r:^: „7 : 

35 suUonvl h ' When ^ is a 

sup'r R ""^""^ -^^^ «="on 

C(™)-Oarvl ''^l- ^l^Vlaryl, HH-al.ylaryl. 

0(0.) -Caryl, or CH-CH-aryl. Preferably, the aryl 
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(including the aryl in alkylaryl) has 1 to 5 groups each 
independently selected from the group consisting of: 
hydrogen, halogen, trihalomethyl , hydroxyl, SH, OH, NO , 
amine, thioether, cyano, alkoxy, alkyl, and amino groups,' 
5 more preferably the substituents are each independently H,' 
alkyl, or OH, more preferably the alkyl is either methyl, 
t-butyl or isopropyl; more preferably 1 to 3 substituents 
are each independently either OH, methyl, t-butyl or 
isopropyl and the remaining substituents are hydrogen; 
10 preferably, the aryl is either phenyl or pyridyl with 
preferred substituents as described above; 
R« is hydrogen. 

In a preferred embodiment describing EGF-R inhibitors 
R, is alkyl, OH, or halogen, preferably t-butyl, OH, or Br; 
15 is OH; R3 is alkyi or halogen, preferably t-butyl or I; 
R4 is one of the R, substituents shown in Table I for those 
compounds which can inhibit EGF-R; and R, is hydrogen. 
Compounds MIO and M14 are mentioned in other references. 
M14 is mentioned by Ohmichi et aJ., supra, which refers to 
20 Birchall and Harney Chem. Abstr. 88:525 (1978) . Mlo is 
mentioned in Osherov et al.. Journal Biological Chemistry 
255:11134-11142, 1993 and Gazit et al . , J. Med. Chem. 
34.-1896-1907, 1991 (Table III compound no. 56). 

Several of the compounds in Table I are believed to 
25 novel: Mil, M12, M13 , M15, M16. M17, M18, M19, M26, M27, 
M29, M30, M31, M32. M33, M34, M36, M37, M38. M40, M4l! 
M4 2, M43, M44, and M4 5. Of these compounds Mil (AG879) 
and M12 (AG974) were mentioned by Ohmichi et aJ , 
Biochemstry 32:4650-4658, (1993). (Not admitted to be 
30 prior art . ) 

Several of the compounds are exemplary of classes of 
novel compounds. class one compounds have the following 
chemical formula: 
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S 




where R„ r,, and R3 is each independently selected 
fro. the group consisting of alkyl, alkenyl, alkynyl 
alkoxy, alkylaryl, OH, a.ine, thioether, SH, halogL, 
hydrogen and NH2; and 

is NH„ or an alkylaryl comprising an alkyl group 
and an aryl group having the following structure.- 





seUrt^rf " independently 

alWl — isting Of hydrogen, halogen, 

10 hv^L .T' °"' "^'"^^-"-Vl. and N0„. preferably 
10 hydrogen, halogen, alkyl, trihalomethyl , and NO, 

Preferably, R, o„. is o„, h, is H, R, is a lower 
alkylaryl and four of said x,. x„ x„ X,, and x, is hydrogen 
while one of said x„ x„ x„ x„ and X, is CP. 



wo 95/24190 



PCT/US95/02826 



25 

An example of a class one compound is M13 . 
Interestingly M13 differs from a compound described by 
Gazit supra, J. Med. Chew, 1991, in that compound Ml 3 has 
a sulfur replacing an oxygen in compound 42 mentioned by 
5 Gazit, However, Gazit compound 42 is described as 
exerting over a 10 fold greater inhibition of EGFR 
compared to HER2, while M13 as described in Example 1 
below displays at least a 7 fold greater inhibition of 
HER2 compared to EGF-R. 
10 Class two compounds have the chemical formula: 



O 




R3 



where Rj, Rj, and R3 is each independently selected 
from the group consisting of alkyl, alkenyl , alkynyl , 
alkoxy, alkylaryl, OH, amine, thioether, SH, halogen, 
hydrogen, NO2 and NHj; 
15 Y is either nothing, -C(CN)=C-, -alkyl-, -NH-alkyl-; 

and 

R5 is either CN or aryl . 

A preferred embodiment of class 2 compounds is 
described as follows : 
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R2 is OH; 

R. and R3 is each independently t- butyl or isopropyl- 
Y is either nothing, -C{CN)=C-, -lower alkyl- NH- 

lower alkyl-, more preferably nothing, -lower alkyl- or 
5 -NH-lower alkyl-; and 

R5 aryl is either CN or phenyl or pyridyl having 1 to 
5 substituents each independently selected from the group 
consisting of: hydrogen, halogen, trihalomethyl , hydroxyl 
SH, OH, NO,, amine, thioether, cyano. alkoxy, alkyl, and 
10 ammo groups; more preferably the substituents are each 
independently H, alkyl, or OH, more preferably the alkyl 
xs either methyl, t-butyl or isopropyl; more preferably 1 
to 3 substituents are each independently either OH 
methyl, t-butyl or isopropyl and the remaining 
l3 substituents are hydrogen. 

Examples of class two compounds are M26, M27, M29 
M30, M31, M32, M33, M34, M37, M38 , M40, M41, M42, M43, M44 
and M45. Bulkier R, and R3 groups such as t-butyl or 
20 preferred. M31 and M3B containing R. and R3 

20 methyl groups have less activity in cellular assays 
described in the Examples below, than analogous compounds 
having bulkier R, and R3 groups. 

Class three compounds have the following chemical 
formula : 




25 



where R„ R,, R3 and R, is each independently selected 
from the group consisting of alkyl, alkenyl, alkynyl. 
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alkoxy, alkylaryl, halogen, hydrogen, OH, amine, 
thioether, SH and NHj; and 

X,, Xj, X3, X4, and X5 are each independently selected 
from the group consisting of hydrogen, halogen, trihalo- 
5 methyl, alkyl, alkenyl, alkynyl, alkoxy, and NOj, provided 
that at least one of Xj, X^, X3, X4, and X5 is a 
trihalomethyl . . 

Preferably is OH,. is OH, R3 is hydrogen, R^ is 
hydrogen, and one of Xj, Xj, X3, X4, and X5 is trihalomethyl 
10 and the other groups are hydrogen; more preferably the 
trihalomethyl is CF3. M15 is an example of a class 3 
compound . 

Class four compounds have the following chemical 
formula : 




R3 



15 where Rj and R3 is each independently selected from 

the group consisting of alkyl, alkenyl, alkynyl, alkoxy, 
alkylaryl; and 

R4 is selected from the group consisting of alkyl, 
alkylaryl, thioamide, and amide. 

20 Preferably, R, and R3 is each independently an alkyl, 

more preferably t-butyl or isopropyl . Preferably R4 is 
alkyl, aryl, or alkylaryl. Examples of class four 
compounds are Mil, Ml 7, Ml 8, and Ml 9. 

The members of classes 1 to 4 can be used to inhibit 

25 one or more receptor tyrosine kinases selected from the 
group consisting of EGFR and HER2, preferably HER2, and 
are preferably used to treat a cell proliferative disorder 



pNSOOCin <WO i > 



wo 95/24190 



PCTAJS95/02826 



28 



TlrlT''"^ °ver-actlvity or inappropriate activity 
of EGFR or HER2, preferably HER2. 




where R„ r., r,, independently 
3e eoted fro. the group consisting of al.yl. al.eny 

10 h'a ™' '"ioether, ll] 

10 halogen, hydrogen and HH,; 

Rn is selected iron the group consisting of aljcyl 
a e l ^^^^^ ^^^^^^ thloa^a ; 

™ aTh °H. a.ine. thioether, SH 

wHj, and hydrogen; and 

15 R,3 is selected from the group consisting of aryl 

ttr:.ide"""" - 

E^mples of Group II compounds are listed in Table II 

20 Table iT/" "'^"^ ^^^^-^"^^^ - illustrated in 

20 Table II, R, and R„ are each hydrogen. 
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TABLE II 



20 



25 



Com- 
1 pound 










EGFR 


HER2 


1 KIO 


H 


H 


C(=0) 

CH3 


phenyl 


- 


+ 


Nil 


H 


CI 


H 


C(CI)=NOC 
(=0)CH3 


ND 


ND 


N16 


H 


H 


H 


CH3 


ND 


ND 


N17 


H 


H 


CH, 


phenyl 


ND 


ND 


N18 


H 


H 


OH 


CN 


ND 


ND 


N19 


H 


H 


NH, 


CN 


ND 


ND 


N21 


H 


H 


NHCH; 
CHjCh'i 
-phenyl 


4,5-dihydroxy- 
phenyl 


ND 


•ND 


N22 


H 


H 


CN 


^^<hIoro- 
phenyl 


ND 


ND 


N23 


H 


H 


C(-0) 

OCHj 

CH, 
3 


phenyl 


ND 


ND 


N24 


H 


H 


C(=0) 

OCH'j 

CH3 


CH3 


ND 


ND 


N25 


H 


H 


C(=0) 

CHjCH: 

NCCHj), 


phenyl 


ND 


ND 


N26 


H 


H 


C(=0) 
CH, 


CHj 


ND 


ND 


N27 


H 


H 


C(=0). 
phenyl 


phenyl 


ND 


ND 


N28 


H 


H 

«^ r^5 


H 


phenyl 


ND 


ND 



( + ) inhibits receptor kinase activity with an ICso of less 
than 50 /xM in a cellular kinase assay. 

(-) inhibits receptor kinase activity with an IC«, of at 
least 50 in a cellular kinase assay. 

In a preferred embodiment describing HER2 inhibitors 

R7, Rj. R,, and R,o is independently selected from the group 

consisting of alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, 

OH, amine, thioether, SH, halogen and hydrogen, preferably 

R7 and R,o is hydrogen, preferably Rg and R^ is independently 

alkyl or hydrogen, more preferably hydrogen; R,2 is either 

alkyl, ester, amide, thioamide, alkylaryl, trihalomethyl , 
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CN.. OH, amine, thioether, SH, NH„ or hydrogen, preferably 
one of the groups shown in Table II; and R,, is either 
aryl, alkyl, CN. alkylaryl, amide, • thioamide, preferably 
one of the groups shown in Table II. 

Compounds NIO, NIT, N22, N23, N24 , N27, and N29 are 
belxeved to be novel compounds (Class 5) , which based or 
the present application are expected to inhibit HER2 
activity, EGFR or PDGFR activity. Compounds N16, N18 and 
N19 are mentioned by Ley and Seng in Synthesis 415-422 
(1975) . compounds N26, N27. and N28 are mentioned by 
Issxdorides and Haddadin J. Organic Chem. 31:4067-4068 
NIO selectively inhibited HER2, and inhibited growth of 
cells characterized by over-activity of HER2 . 

In a more preferred embodiment, R„. R,, r,, and R.^ are 
15 independently selected from the group consisting of alkyl 
alkenyl. alkynyl, alkoxy, alkylaryl, OH, amine, thioether' 
SH, halogen, hydrogen, preferably hydrogen, methyl, or 
methoxy; R,j has the chemical structure: 



10 



20 



where Xg is either O or S, 

X7 is either methyl or trihalomethyl; and 

R,3 is either aryl or alkylaryl, preferably aryl 
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C. Group TTT Cornnotmrifi 

Group III compounds have the following chemical 
structure ; 




where R^^, R,^, r^^, r^^ and R^^, is each independently 
5 selected from the group consisting of hydrogen, alkyl, 
alkenyl, alkynyl, alkoxy, OH, amine, thioether, and SH; 
and 

R20 is selected from the group consisting of alkyl, 
aryl, and alkylaryl. 
10 Examples of Group III compounds are listed in Table 

III and shown in Figure 5. 
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20 



25 



30 



35 



cioociy . 

nethoxy; R,. if' "J P»*--bly hydrogen or 

preferably a ^„ ' T ^"'^""^ "^^-^en,- R,, is aryl. 

-..u„er.~rr - 
a..o.y, p're.era:r b^r:- rr' - 

.parogen <=.Uyr:::^e?e:i;yir"-' ^^^"""^ 
"ore preferably either "y-^-^oS-".- R„ aryl, 

"h-e .he sub.L.ue! i 'c, P»-yl group 

a .e;hyu:e " -^"-^^ 

Preparations Containing 
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Quinazoline Derivatives" 0 520 722 Al published December 
30, 1992. 

D. Group IV Compounds 
Group IV compounds have the following chemical 
5 structure: 




where Rj,, R^j, R23/ R24/ and R25, are each independently 
selected from the group consisting of hydrogen, halogen, 
OH, SE, alkyl, aryl , trihaloalkyl, preferably hydrogen, 
halogen, OH, or SH; 
^0 R26 is either CHj or NH; 

R27 is either aryl or =C(CN)2; and 
R28 is either nothing or H, provided that if 
nothing a double bond is present between N and Rj, 

Examples of Group IV. compounds are listed in Table IV 
15 and shown in Figure 6. 



^28 is 



TABLE IV 



Compound 


R21 


R22 


R23 




R25 


R26 






QIO 


OH 


H 


H 


OH 


H 


CHj 


E* 

COOCH3- 
pheny) 


H 


Qll 


H 


H 


H 


CI 


H 


NH 


■=C(CN), 


nothing 
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QIO and oil both significantly inhibited HER2 activity 
whxle QIO also significantly inhibited EGF activity 

In a preferred embodiment describing HER2 inhibitors 
R. .S hydrogen, OH, SH, or halogen, preferably hydrogen or 

SH or halogen, preferably Cl or OH; is hydrogen; R,, is 
exther CH, or NH; and R„ is a mono-substituted phenyl gLp 
where the substituent is COOCH3 or N=C(CN)3. ^ ^ ^ 

^ Addition al Cnmp nnn/^o 

" The present di.closur. also relates to the 

.dentxf.oaticn of other specific compounds belonging to 
the Classes and groups described herein which are useful 
- the present invention. Identification can be carried 
out by assaying the ability of a compound to inhibit 

IS receptor tyrosine Mnaee activity, and preferably, t^e 
ability of the compound to inhibit gro»th of cells having 

carr"'","""'" -says 
can be preformed as described in the art. or as described 

m the examples below. 

b.l T "^^^y^ described 

below for HER., egfr and PDGKr. as are in vitro soft agar 
assays for HER2 driven cancers. The sa„e type of s!ft 
agar assays can be used to test the ability of a compound 
to inhibit EGFR or PDGFR using suitable cell lines. 

Examples of cell lines which can be used to study the 
effect of a compound, for example in vitro or in animal 
-dels, include the following, eells characterized "y 

pn^;r characterized by inappropriate activity 

Of PDGFR such as human glioblastoma cell line TSSG; ani 
cell lines characterized by inappropriate activity of EGFR 
such as A431 <ATTC# CRL1555) and KB ,ATTC, eCi,17) . One 

35 usInclt^H""; """"'^ "nes 

a ZiZ T ."^ P«-n^ application as 

guide. For example, the diagnostic section described 
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infra can be used to help determine whether a cell line 
(e^, a tumor cell line) is driven by a tyrosine receptor 
kinase such as HER- 2. 

Animal model systems can also be used to further 
5 measure the therapeutic effect of a compound. Examples of 
suitable animal models include subcutaneous xenograft 
model and in situ mammary fat pad model. 

1. Xenograft tAnrif^ 
The ability of human tumors to grow as xenografts in 
10 athymic mice (e^, Balb/c, nu/nu) provides a useful in 
vivo model for studying the biological response to 
therapies for human tumors. since the first successful ' 
xenotransplantation of human tumors into athymic mice by 
Rygaard and Povlsen (Rygaard, J. and Povlsen, CO., Acts 
15 Pathol. Microbial. Scand. , 77:758-760, 1969.), many 
different human tumor cell lines (e^, mammary, lung, 
genitourinary. gastrointestinal, head and neck, 
glioblastoma, bone, and malignant melanomas) have been 
transplanted and successfully grown in nude mice. Human 
20 mammary, tumor cell lines, including MCF-7, ZR75-1, and 
MDA-MB-231, have been established as subcutaneous 
xenografts in nude mice (Warri, A.M., et al. Int. J. 
Cancer, 49:616-622, 1991; Ozzello, L. andSordat, M., Eur. 
J. Cancer, 16:552-559, 1980; Osborne, C.K., et al. Cancer 
25 Res., 45:584-590, 1985; Seibert, K., et al. Cancer Res . , 
43:2223-2239, 1983). 

To Study the effect of anti- tumor drug candidates on 
HER2 expressing tumors, the tumor cells should be able to 
grow in the absence of supplemental estrogen. Many 
30 mammary cell lines are dependent on estrogen for in vivo 
growth in nude mice (Osborne et al., supra), however, 
exogenous estrogen suppresses her2 expression in nude mice 
(Warri et al . , supra. Dati, c. , et al, Oncogene, 
5:1001-1006, 1990). For example, in the presence of 
35 estrogen, MCF-7, ZR-75-1, and T47D cells grow well in 
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10 



-vo, but express very low levels of HER2 (Warri et al 
supra, Dati,.c., et al, Oncogene, 5:1001-1006) 

The following type of xenograft protocol can be used 

1) implant tumor cells ( subcutaneous ly) into the y.^\T 
Of five- to six-wee.-ol. female Balb/I nu^ a t y^ ^^^^^^^^^ 

2) administer th*= mice; 

-Lscer tne anti-tumor compound; 3) m^aQMv-^ 

or PDGF. by western and i™u„ohistc=he„i=al analyses 

can vary the above procedures, for example through the use 
of different treatment regimes. , 



^ Mammary l? ,f. p^^ i.„j„^ 

The mammary fat pad model is particularly useful for 
measuring the efficacy of compounds which iLbit heL 
because of the role plays i„ breast cancel I' 

- -o^^ ^/tLl^/evrCLTanrr"^ ^"^ 

Hnn,=,r, evexopment than do subcutaneous models 

Human mammary cell lin*»c ^■r.„^ j- "'oaeis. 
in th. including MCF-7. have been grown 

in the mammary fat oad of . y-rown 

r.'.r.^u athymic mice {Shafie, S M and 

Grantham, F.H j rjjai-i ^ ^.n- ana 

ro^^ ^- Cancer- Jnstit., ^7:51-56 1981- 

Gottardis, MM e^ ^7 t -^j- oo, lyei; 

1988) V -steroid Bioche;n. , 30:311-314 

-planted at various con:e":rarn?ro T "in:: 
"ammary fat pads of female athymic mice- 2, th. ^ 
is administered- and , compound 

30 various time pot^s Thi tuT" '° " 

h>,. points. The tumors can also be analyzed for 

the presence of a receptor such as HER2, by Western !nd 
imraunohistochemical analyses Uc^-ino . I 

the a^t- ^ , '^-^y^es. Using techniques known in 

cne art, one skilled in the ar-t r-^ 

proceduT-^c. . ^"^"^ ^=3" vary the above 
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Therapeutic compounds should be more potent in 
inhibiting receptor tyrosine kinase activity than in 
exerting a cytotoxic effect. A measure of the 

effectiveness and cell toxicity of a compound can be 
5 obtained by determining the therapeutic index: IC50/LD50, 
IC50, the dose required to achieve 50% inhibition, can be 
measured using standard techniques such as those described 
herein, LD50, the dosage which results in 50% toxicity, 
can also be measured by standard techniques, such as using 
10 an MTT assay as described by Mossman J. JiTzznunoI. Methods 
^5:55-63 (1983), by measuring the amount of LDH released 
(Korzeniewski and Callewaert, J. Immunol. Methods ^4:313 
(1983) ; Decker and Lohmann-Matthes, J, Immunol. Methods 
115:61 (1988), or by measuring the lethal dose in animal 
15 models. Compounds with a large therapeutic index are 
preferred. The therapeutic index should be greater than 
2, preferably at least 10, more preferably at least 50. 

In addition to measuring tumor growth to achieve a 
compound range which can safely be administered to a 
20 patient in the animal models, plasma half -life and 
biodistribution of the drug and metabolites in plasma, 
tumors, and major organs can be determined to facilitate 
the selection of drugs most appropriate for the inhibition 
of a disorder. Such measurements can be carried out, for 
25 example, using HPLC analysis. Compounds that show potent 
inhibitory activity in the screening assays, but have poor 
pharmacokinetic characteristics, can be optimized by 
altering the chemical structure and retesting. In this 
regard, compounds displaying good pharmacokinetic 
3 0 characteristics can be used as model. 

Toxicity studies can also be carried out- by measuring 
the blood cell composition. For example, toxicity studies 
can be carried out as follows: 1) the compound is 
administered to mice (an untreated control mouse should 
3 5 also be used) ; 2) blood samples are periodically obtained 
via the tail vein from one mouse in each treatment group; 
and 3) the samples are analyzed for red and white blood 
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cell counts, blood cell nnm^r. 

ipp.oc..e. ...... po:t:4~:-cr."i~ 

of results for each rioo,-r, =^on.parison 

accordance „i J \L " 'P-^-ably. i„ 

"-dical ASSOC. Panel on ^MnaL T"""" ""^^"^^ 
Representative animals f^tHac; t ■ 

"■etastasis, unusual ilmesl evidence of 

abnormalities in tissue ""^ toxicity. g^oss 

15 examined histologioallv r. """^ tissues are 

- body „ei,.t or Lood comprnrtTLr""'/ 
compounds having an adverse ef£e« are 

general, the greater the adverse effect The T '^"^^ 
the compound. eitect the less preferred 

cell ^^-r^^^^-^^'^^^^^^^ti^'^^iMS^ 

further .turd^rtrietr — - 

b^ood vessel pr'olterrtive ro^rr^ '"""^ 
«-rders. ,hese disorders are 

independent. por e„™„ """^ necessarily 

-lated to, or olerlaT ii'h l;::"^ 

disorders. por , "^^^^^ Proliferative 

characterized herein r'a llo T^^^^^^-^^ '"bich is 
in part, in the ab^or^!, , ' -suits. 
Blood vessel r , r""" °' ■ 

angiogenic and v:souC :r::::°: - 

in abnc^al Proliferation of blood '^'"'^'"^ 
and spreading of blood vessels ™^ 
angiogenesis respectively „, °' ^asculogenesis and 
3S variety of physiologrcal prooTs ' 
<>evelopm«,t, ^„„d healing LT! ' " 

ing and organ regeneration. They 
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also play a role in cancer development. Examples of blood 
vessels disorders include restenosis, retinopathies, and 
atherosclerosis . 

Fibrotic disorders refer to the abnormal formation of 
5 extracellular matrix. Examples of fibrotic disorders 
include hepatic cirrhosis and mesangial cell proliferative 
disorders. Hepatic cirrhosis is characterized by the 
increase in extracellular matrix constituents resulting in 
the formation of a hepatic scar. Hepatic cirrhosis can 
10 cause diseases such as cirrhosis of the liver. An 
increased extracellular matrix resulting in a hepatic scar 
can also be caused by viral infection such as hepatitis . 
Lipocytes appear to play a major role in hepatic 
cirrhosis . 

15 Mesangial cell proliferative disorders refer to 

disorders brought about by abnormal proliferation of 
mesangial cells. Mesangial proliferative disorders 
include various human renal diseases, such as 
glomerulonephritis, diabetic nephropathy, malignant 

20 nephrosclerosis, thrombotic microangiopathy syndromes, 
transplant rejection, and glomerulopathies. PDGFR has 
been implicated in the maintenance of mesangial cell 
proliferation. {Floege, J. etaJ., Kidney International 
435:47-54 (1993).) 

25 The primary focus of the present disclosure in on 

HER2 and EGFR driven cancers. A cancer cell refers to 
various types of malignant neoplasms, most of which can 
invade surrounding tissues, and may metastasize to 
different sites, as defined by Stedman's Medical 
Dictionary 25th edition (Hensyl ed. 1990) . 
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A. HER2 Cell Prolif eration Di go-rrl»r-c. 
HER2 driven disorders are characterized by 
inappropriate or over-activity of HER2. Inappropriate 
HER-2 activity refers to either: 1) HER2 expression in 
3 5 cells which normally do not express HER2; 2) increased 
HER-2 expression leading to unwanted cell proliferation 
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such as cancer; 3 ) 



as cancer; 3) increased HER-2 activity 
unwanted cell proliferation, such as cancer 'and/ol ' 
activity of HER-2. and/or over- 

Over-activity of HER2 refers to .i.u 
^ ceil pJo^rLTtLlrrderTe =^ 

-i..^^ ^'-'j.uex- 11 . e , as the level of wppo 

increases the s^wi-ii-^r «£R2 

ceil P.oii.=:::::^:Lre;-resr - 

Rev, Biochem. 57:443 1988- Till ■ u . ^-^^^ich, Annu. 

Sl:202. 1990 HER ; n / ^chlessinger. Cell 

EGF-r/pis HER 3) T " structurally related to 

IS cell \sT Z] T '~y' et al., 

architect;re !nd c t =~ -^--^-r 

their cytoplaslic ^^^^^---^ regions within 

cytoplasmic domains and structurally relat.H 
enzymatic regions within their cytoplasmic domains 
20 Activation of HER-2 protein can 

different events such 7 ""^"^^^ 

dimerization T / l^gand- stimulated homo- 

liZTtT 3^^^"^-^--^-^-^ hetero-dimerization and 
ixgand-independent homo-dimerization. Ligand-stimulated 

f actor/heregulin (i^P/HRG) to f „ differentiation 
2/HER 4 1 (NDP/HRG) to form HER -2 /HER -3 and/or HER - 

2/HER-4 complexes. Wada et al Cell 

Slikowski et al j B±nl ny, ^1:1229. 1990; 

J. Biol. Chem. 269:14661 iqqa m 

30 of HER-2 n.o^ • ^^^^^^-dependent activation 

. HER 2 protein is thought to be mediated by neu 
activating factor (NAF) which can directlv 
Diesmpp o\ J airecciy bina to 

Pie5,KER-2) and st.a.ulate en.y^atic activity. Dougall et 

""""^""^ '-^l". "'4; sa^ata et al . , Proc ^atl 
Acad. Sci. USA 51:1711 19« t- • 
3= di„erizatio„ of HER , " ' ^ ^'^^'"^-"''^P-'^-t ho^o- 

activation is facUltated b " ™' 

protein. *='"l"ated by over-expression of HER.2 
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Receptor tyrosine kinases are involved in various 
cellular signaling pathways. Receptor phosphorylation 
stimulates a physical association of the activated 
receptor with target molecules. Receptor tyrosine kinase 
5 substrates and adaptor proteins (also know as docking 
proteins) are both involved in signal transduction from an 
activated receptor tyrosine kinase. A receptor tyrosine 
kinase substrate is phosphorylated by the receptor 
tyrosine kinase and can then act on another cellular 
10 protein. An adaptor protein, such as Grb-2, binds a 
receptor tyrosine kinase and to another protein helping to 
activate the other protein or modulate its subcellular 
location. Substrates and adaptor proteins typically bind 
to receptor tyrosine kinases by SH2 and SH3 domains. 
15 Pawson and Schlessinger, Current Biology 3:434, 1993. 

HER-2 protein substrates are acted upon by activated 
HER-2 complexes such as HER-2/EGF-R, HER-2/HER-2, HER- 
2/HER-3, and HER-2/HER-4 activated complexes. An 
activated HER-2 complex acts as a phosphokinase and 
phosphorylates different cytoplasmic proteins. Examples 
of HER-2 substrates include, IP3 kinase and PI 4-kinase. 
Scott et al.. Journal of Biological Chemistry 22 .-14300 
1991. 

HER-2 adaptor proteins bind to an activated HER-2 
complex and then another protein. For example, GRB-7 
binding to a HER-2 complex may be sufficient to initiate 
the GRB-7 signaling pathway without phosphorylation. 
Stein et ai., EMBO Journal 13: 1331, 1993. 

Thus, HER-2 protein activities include: (i) 
phosphorylation of HER-2 protein, HER-3 protein or HER-4 
protein; (2) phosphorylation of a HER-2 protein substrate; 
(3) interaction with a HER-2 adapter protein; and/or (4) 
HER-2 protein surface expression. Additional HER-2 
protein activities can be identified using standard 
35 techniques. For example, a partial agonistic monoclonal 
antibody recognizing HER-2 protein can be used to activate 
HER-2 protein and examine ' signal transduction of HER-2 
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protein 



protein. Scott et a7 

anHER2 adapter molecule- and r4. , ^^"vation o£ 

These activities '"="^^»<' division, 

described below and kno» In tTe™ 

" - .--iraTe7i;i:::r r"""^ * -~ 

proliferative disorler is h""^ '''^ 
activity Of HER.. Tfter tTT'^''"^' » — 

P-ients suffering .rorrc.T.i "rL". 
by analysis of their ,v^^ 5°raer can be identified 

" to medical doctl T -^nown 

treated as descrl:ea ZLT ^"''"^^ 

driven disorders are , ■ , 
proliferative disorders such as '^^""y call 

disorders appear to be responsible f ' ^''^'^ 

- different types of cancerT J^"!! ^-^'Population of 

Slamon et ai., found about Bo^ of b " 
have increased HER2 aen, » " " 

-nd a -relatio\\':::ee?C^;,:--V-;, 
and poor patient prognosis amplification 

cancelts rrtfelefLirsrof ttT 

°f i^reast cancer Car.T P^^-^^ence and severity 

«iiuer. Carcinoma of the h>-^=.r,*. • 
coHMon cancer among women and their seco H , " 
Of cancer death (Marshall, E L! 
^0 The incidence Of brelst cane t ^" = 618-S21, 

over the past several deca e Ma^ ^II ""/"""""^ 

In addition to breacth ^= 

5 5 activity or gene e^. cancers, increased HER2 

gene expression has be^n 
certain types of blood cancers s^ I -it:h 

— .^and -nocarcir:.:-— ^--r::; 
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ovarian adenocarcinomas, gastric cancers, colorectal 
cancers, non-small cell lung cancer, and glioblastomas. 
The methods described herein can be used to identify the 
sub-populations of these different cancers which are 
characterized by over-activity of HER2, 

B ■ EGFR ni Borders 
Some of the featured compounds can be used to treat 
cell proliferative disorders characterized by 
inappropriate EGFR activity. "Inappropriate EGFR" 

activity refers to either: 1) EGF-receptor (EGFR) 
expression in cells which normally do not express EGFR; 2) 
EGF expression by cells which normally do not express EGF- 
3) increased EGF-receptor (EGFR) expression leading to 
15 unwanted cell proliferation; 4) increased EGF expression 
leading to unwanted cell proliferation; and/or 5) muta- 
tions leading to constitutive activation of EGF-receptor 
(EGFR) . The existence of inappropriate or abnormal EGF 
and EGFR levels or activities is determined by procedures 
20 well known in the art. 

An increase in EGF activity or expression is 
characterized by an increase in one or more of the 
activities which can occur upon EGF ligand binding such 
as: (1) EGF-R dimerization; (2) auto-phosphorylation of 

25 EGFR, (3) phosphorylation of an EGFR substrate ( e.g 
PLCy, see Fry supra) . (4) activation of an adapter mole- 
cule, and/or (5) increased cell division. These 
activities can be measured using techniques described 
below and known in the art. For example auto-phosphoryl- 

30 ation of EGFR can be measured as described in the examples 
below using an anti -phosphotyrosine antibody. and 
increased cell division can be performed by measuring 'h- 
thymidine incorporation into DNA. Preferably, the 
increase in EGFR activity is characterized by an increased 

35 amount of phosphorylated EGFR and/or DNA synthesis. 

Unwanted cell proliferation can result from inappro- 
priate EGFR activity occurring in different types of cells 
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including cancer cells, cells surrounding a cancer cell 
and endothelial cells. Exanples of disorders 

characterxzed by inappropriate EGF activity include 
cancers such as glioma, head, neck, gastric, lung, breast 
5 ovarxan. colon, and prostate; and other types of cell 
proliferative disorders such as psoriasis. 

■ IV- Admini strati nr, peaturprl rr.m^ 

The compounds of this invention can be administered 
to a patxent alone, or in a pharmaceutical composition 
10 comprxsxng the active compound and a carrier or excipient 
The compounds can be prepared as pharmaceutically accept- 
able salts (1^, non- toxic salts which do not prevent the 
compound from exerting its effect) . 

Pharmaceutically acceptable salts can be acid 
15 addition salts such as those containing hydrochloride, 
sulfate, phosphate, sulfamate, acetate, citrate, lactate 
tartrate. methanesulf onate , ethanesulf onate ' 
benzenesulfonate, p-toluenesulf onate, cyclohexylsulf amat^ 
and guxnate. (See, e^, supra. PCT/US92/03736) . Such 
salts can be derived using acids such as hydrochloric 
acxd, sulfuric acid, phosphoric acid, sulfamic acid 
acetxc acid, citric acid, lactic acid, tartaric acid,' 
malonxc acid, methanesulfonic acid, ethanesulf onic acid 

benzenesulf onic arir) ^ t 

"-"^ acxd, p-toluenesulfonic acid 

25 cyclohexylsulfamic acid, and quinic acid. 

Pharmaceutically acceptable salts can be prepared by 
standard techniques. For example, the free base form of 
the compound is first dissolved in a suitable solvent such 
as an aqueous or aqueous -alcohol solution, containing the 

30 appropriate acid. The salt is then isolated by evaporat- 
ing the solution. m another example, . the salt is 
prepared by reacting the free base and acid in an organic 
solvent . 

. ■ °^ excipients can be used to facilitate 

admxnxstration of the compound, for example, to increase 
the solubility of the compound. Examples of carriers and 
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excipients include calcium carbonate, calcium phosphate, 
various sugars or types of starch, cellulose derivatives, 
gelatin, vegetable oils, polyethylene glycols and 
physiologically compatible solvents. The compounds or 
5 pharmaceutical compositions can be administered by 
different routes including , intravenously, intra- 
peritoneally, subcutaneously, and intramuscularly; orally, 
topically, or transmucosally . 

For injection, the agents of the invention may be 

10 formulated in aqueous solutions, preferably in 
physiologically compatible buffers such as Hanks 's 
solution, Ringer's solution, or physiological saline 
buffer. For such transmucosal administration, penetrants 
appropriate to the barrier to be permeated are used in the 

15 formulation. Such penetrants are generally known in the 
art . 

Use of pharmaceutically acceptable carriers to 
formulate the compounds herein disclosed for the practice 
of the invention into dosages suitable for systemic 
administration is within the scope of the invention. The 
compound described herein may be formulated for 
parenteral administration, such as by intravenous 
injection. The compounds can also be formulated readily 
using pharmaceutically acceptable carriers well known in 
the art into dosages suitable for oral administration. 
Such carriers enable the compounds of the invention to be 
formulated as tablets, pills, capsules, liquids, gels, 
syrups, slurries, suspensions and the like, for oral 
ingestion by a patient to be treated, 
30 Agents intended to be administered intracellularly 

may be administered using techniques well known to those 
of ordinary skill in the art. For example, such agents 
may be encapsulated into liposomes, then administered as 
described above. Liposomes are spherical lipid bilayers 
35 with aqueous interiors. All molecules present in an 
aqueous solution at the time of liposome formation are 
incorporated into the aqueous interior. The liposomal 



20 



25 



BNSOCXIO <WO 9Si?4l90A2 I > 



wo 95/24190 

PCT/US95/02«26 



46 



contents are Hr^f->. 

both protected from rho 
macroenvironment and becauc.. t external 

.e, e„:.rc a it::::^ 

cytoplas.. Additionally, L to thl k T 
mtracellularly. airectly administered 

10 achieve its intended purpose Bet " " 
-Mective amounts is Tit^" th °^ the 

-iUed in the a„, especU l y ^ J:^"/:^ 1 
disclosure provided herein. ^ detailed 

The phannaceutical compositions of the 

5 "-"-n be manufactured in different 

conventional mixing, dissolvina , " """" 

«Un., levi,atin,, e:ulsify°„n;ca T 

°r lycphilizing processes ^"-P="l"rng, entrapping 

Pharmaceutical formulations for 
' '"^"^^tration include aqueous solutions of l^"""^' 
compounds m water-soluble foJ ^"^'^ 
suspensions of the actlv» Additionally, 
appropriate oily '"^"J . ^'''^'"-ds may be prepared as 

lipophilic solvents or vel ? Suitable 

-=ame oil, or sy::h::irfrt ^ artt ""^ - 

oleate or triglycerides or lf ' """" " ^"'^'l 

suspensions may confai; J injection 
viscosity Of the ="bstances which increase the 

cauulosr,°^rbi~^::::^ 

suspension may also contain suitlu stabiT""""' 
Which increase the solubility of the °' 
for the preparation „f I, compounds to allow 

Pharm concentrated solutions 

ohtai„:d Torrmi/T""""^ - - 

"ith solid e^pZ, ' t""""'"' ^"''^ 
-xture, and PrrsA^, ThrmttLr^f"" ' 
adding suitable auxiliaries, ifTsred:^o~ , 
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or dragee cores. Suitable excipients are, in particular, 
fillers such as sugars, including lactose, sucrose, 
mannitol, or sorbitol; cellulose preparations such as 
maize starch, wheat starch, rice starch, potato starch, 
gelatin, gum tragacanth, methyl cellulose, 
hydroxypropyl methyl -cellulose, sodium 
carboxymethylcellulose, and polyvinylpyrrolidone (PVP) . 
If desired, disintegrating agents may be added, such as 
the cross-linked polyvinyl pyrrolidone, agar, or alginic 
acid or a salt thereof such as sodium alginate. 

Dragee cores should be provided with suitable 
coatings. For this purpose, concentrated sugar solutions 
may be used, which may optionally contain gum arabic, 
talc, polyvinyl pyrrolidone, carbopol gel, polyethylene 
glycol, and/or titanium dioxide, lacquer solutions, and- 
suitable organic solvents or solvent mixtures. Dyestuffs 
or pigments may be added to the tablets or dragee coatings 
for identification or to characterize different 
combinations of active compound doses. 

Pharmaceutical preparations which can be used orally 
include push-fit capsules made of gelatin, as well as 
soft, sealed capsules made of gelatin and plasticizer, 
such as glycerol or sorbitol. The push-fit capsules can 
contain the active ingredients in admixture with filler 
25 such as lactose, binders such as starches. and/or 
lubricants such as talc or magnesium stearate and, 
optionally, stabilizers. In soft capsules, the active 
compounds may be dissolved or suspended in suitable 
liquids, such as fatty oils, liquid paraffin, or liquid 
30 polyethylene glycols. in addition, stabilizers may be 
added. 

Therapeutically effective doses for the compounds 
described herein can be estimated, initially from cell 
culture and animal models. For example, a dose can be 
35 formulated in animal models to achieve a circulating 
concentration range that includes the ICjo as determined in 
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It.-:-:!— 

An example of a physiologically carri..' • ™ 
PBTE consists of a solution Tf 2^1 T 
S w/v polysorbate 80 and 6.. / 

300 daltons) in absolute ^^'^^^^^^^^ ^^^-1 (MW = 

PBTE diluted X . in a sol . ''""-^'^ 

Th. , ^" ^ solution of 5% dextrose in water 

and using frequent s^all dailv ^„ compound 
large daily doses. For ex^ple T """" "'^ ^ 
administered at short tT <="»I«^ition can be 

-thods described tite or us^n^"^'^ " ^'"^ 

1= time interval or aohieTe '""^ "° 

Suitable pumps are T ■ administration. 
^-T« pump s^ d b;\lTa 

PC pump sold^brrar~rmsr 

tion being used and tj . "^"^^ ">e particular oomposi- 
°f the patient Por the trelt ^"^^^"^"^^"^ -^it^- 
-Uy dose is betwee 1 t;":; m! d"""^^ ^''^'^"'^ 
==0 "g/day, and most preferal y ^^^'"^'^^ ^ ^» 

5 can be delivered 1»« , ^ ° "° "^'"^^y- ■"^Ss 

active mrty^rrVs^SL^Lr"" '''^ '^'^ ^ 
effectiveness. "^cxent to maantain therapeutic 

<^n,gs can be administered at f .f"™"-!^. 
preferably 0.5 to 150 m»/ =,/ "•9'''"Vday, 
.^/mVday. The averL f '' ""'^ ^-^--"y = to 100 
preferably rr oT '7" """" " '° 

to SOO .g/ml.' Plasma levl/sty be^' d""^!, ^-^^'^""^ 

eveis may be reduced if pharma- 



PCT/US95«)2826 



49 



cological effective concentrations of the drug are 
achieved at the site of interest. 

— t^ombina tion Trpatmenf 

5 d.. ^1;'/^'''"°" inhibitory compounds 

5 descrxbed herein can be used alone, in con^ination with 
other agents able to inhibit protein kinase activity 
(e.g., antx-sense nucleic acid and ribozymes targeted to 
nuclexc acid encoding a receptor tyrosine kinase, and 
antxbodies able to modulate tyrosine kinase activity, such 
10 as antx-HER-2 antibodies which .ay work by modulating HER- 
2 activity as described by Hudziak et al., Mol. Cell 
Biol. 5:1165, 1989; Sarup et .1 . , Growth Reflation im' 
1991; and Shepard et ai., j. clinical Ijmunology 11-117 
1991) and xn combination with other types of treatment for 
15 cell proliferative disorders. 

For example, various different types of general 
treatments are currently used to treat different type= of 
cancer patients. These general treatments are based on 
the cancer type and do not specifically target receptor 
20 tyrosine kinase activity. 

Different chemotherapeutic agents are known in art 
for treating breast cancer. Cytoxic agents used for 
treating breast cancer include doxorubicin, 
cyclophosphamide, methotrexate, 5-f luorouracil, mitomycin 
C, mitoxantrone, taxol, and epirubicin. CANCER SURVEYS 
Breast Cancer volume 18, Cold Spring Harbor LaboratorC 
Press, 1993, ^ 

Another example is the use of different 
chemotherapeutic agents are used to treat different types 
of leukemia. O'Rourke and Kalte. Leuken,ia. In: Clinical 
Oncology, Eds. Weiss, Appleton and Lange; Norwalk Conn, 
1993; Mitus and Rosenthal, Adult Leukemia, in: American 
society Te.ttook of Clinical Oncology, chapter 30, Eds 

35 Tell ^"^-^ 
LeuJcemxa, in: American Society Textbook of Clinical 

oncology, chapter 31, Eds. Holleb, Pink, and Murphy; 
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ALL using vincristin. 7 treatment of 

hydroxyurea; and treatment 'of ^ """"""" 
eyclophosphamide. Additl!^ chlorambucil and 

" alpta-interferon Tnl '"^^""^'^ -=l"^e use of 

-an^planeation 'of 7^,.^"':^ ^"^^'"'-^^^^^ -d 
blood ste™ cells. " °" ""*ilical cord 

extent, by a parti^m ^^^^^'^^^ driven, to some 

cancer. J, r/T^nt"""^ "^"^^^ 

- ---.co-e>.re.ion of rr."'^'^-"^' 

cancer r:irrj?- ri^rc^^orr ^ ^ 
cr::!erVadr"^ crr^Mr-r/:: 
°^ -re' r c pt:^ry::rrn; 
- -..ee Of ,rot.. ini::- ofT.e' ::ii:-"^- - 

These steps can be carried „ . 
techniques in light of "^"^ standard 

-.pie, standard techniU caHr "u'd'? ' 
or tissues and culturing^n v!tro oV" ""'"^ = 

described below. ^ 'J^,:^ :^TL ""^^^ ^^^'^ ^= 
xenograft experiment Where the cell " " " 

-Planted into another host such as a"!:: '"^"^^ ^ 

3s .or rg::::ir7oir:rr°^ 

- exa^le. co^dsthi:: ^^h^m r^one 'i:^:. 
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receptor tyrosine kinase can be used as an initial test 
compound to determine if one of several receptor tyrosine 

thenar ""'T ^^'^^^^^^ can 

then be used to further eliminate the possible role of 

different receptor tyrosine kinases in driving the 
disorder. Test compounds should be more potent in 
xnhibiting receptor tyrosine kinase activity than in 
exerting a cytotoxic effect ,e^, an IC^LD^ of greater 
than one) As noted above, in section II.F. infra ic, and 
1^30 can be measured by standard techniques, such as 
described in the present application and using an MTT 
assay as described by Mossman supra, or by measuring the 
amount of ldh released (Korzeniewski and Callewaert J 
15 icTn """f ' I'Ohmann-Matthes, supra) . The degreL of 
ICVLD30 of a compound should be taken into account in 
evaluating the diagnostic assay. Generally, the larger 
the ratio the more reliable the information. Appropriate 
controls to take into account the possible ^ytLoxi! 

20 associat:: Jit^™ -^"^^'"^ ^^^^^ 

wicn a cell proliferative disorder (e a 

control cells) with a test compound, can also be us'I^Js 
part of the diagnostic assay. 

VII. RYamT-.1^g 

Examples are provided below to illustrate different 
aspects and embodiments of the present invention. These 
examples are not intended in any way to limit the dis- 
closed invention. Rather, they illustrate methodology by 
Which drugs leaving the disclosed formulas can be readily 

30 ^H . procedure to ensure that they have 

the desired activity, and the synthesis of different 
compounds described herein. Compounds within a formula 
claimed herein can be screened to determine those with the 
n,ost appropriate activity prior to administration to an 
animal or human, other compounds can also be screened to 

35 determine suitability for use in methods of this 
invention. 
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Example 1: Inhi bition nf 

Tumor Cell Growhh 

This example illustrates the ability of the exemplary 
compounds to inhibit receptor tyrosine kinases, such as 
. HER2 and/or EGFR. The following target cells were used 
for cellular kinase assays.- NIH3T3 clone C7 (Honegger et 
a2., supra) engineered to over-express human EGF receptor- 
NIH3T3 cells engineered to over-express a chimeric 
receptor containing the EGFR extracellular domain and the 
HER2 intracellular kinase domain; the human mammary 
carcxnoma line BT474 (ATCC HTB2) expressing HER2; and the 
human glioblastoma line U1242 that expresses PDGFR-^ 
Growth assays were carried out using human mammary 
epxthelial SKBR3 (ATCC HTB30) cells, SK0V3 (ATCC HTB77) 
human ovarian cancer cell line, A431 cells, MCF7 human 
breast carcinoma cells, MCF7 cells oyerexpress ' the HER2 
kinase (MCF7-HER2) , NIH3T3 cells, and NIH3T3 cells 
overexpressing the HER2 kinase (3T3-HER2) . 

SKBR3 cells over-express HER2 . A43i cells over- 
express EGFR. These cells were dispensed into 96-well 
plates with test compounds.- After 4 days the monolayers 
were TCA-fixed then stained with sulphorhodamine B. The 
absorbance versus log drug concentration was plotted and 
values estimated, 

SK0V3 cells also over-express HER2 . These cells were 
plated into soft agar with a test compound and colony 
growth was quantified 2 weeks later using an Omnicon 
colony counter. 

A. MethnHg 

30 unless otherwise stated the effect of various 

compounds on receptor tyrosine kinases were assayed as 
described in this section. 

^ EGF-recept-or Whnl^ roil Kin^^^ i^^^.y 

EGFR kinase activity (EGFR-3T3 assay) in whole cells 
35 was measured as described helow: 
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1) 



3) 
4) 



Materia ls & ReaQPnro 
EGF Ligand: stock concentration = 16.5 ^M; EGF 
201, TOYOBO, Co., Ltd. Japan. 
2) 05-101 (UBI) (a monoclonal antibody recognizing 
an EGFR extracellular domain) . 
Anti-Phosphotyosine antibody (polyclonal) . 
TAGO antibody: Goat anti-rabbit IgG horse radish 
peroxidase conjugate, TAGO, Inc., Burlingame, CA 

5) TEST buffer: Tris-HCl, pH 7.2 50 mM 

NaCl mw 
Triton X-100 o.l % 

6) HNTG 5X stock: HEPES Vl M 

NaCl 0.75 M 

Glycerol so% 
Triton X-100 i.o% 

7) ABTS stock: Citric Acid loo mM 

Na^HPO^ 250 mM 

HCl, cone. 4.0 pH 

^TS* 0.5 mg/ml 

* (2,2'-azinobis(3-ethylbenzthiazolinesulfonic 
acid). Keep solution in dark at 4»C until use. 

Stock reagents of: 
EDTA 100 mM pH 7.0 
Na3V04 0.5 M 
25 Na4P07 0.2 M 

Procedti-rp 
The following protocol was used: 

I- Pre -coat elisa P^a^o 

A. Coat ELISA plates (Corning, 96 well, Cat. #25805- 

""^^^ antibody at 0.5 per well in 

PBS, 150 Hi final volume/well, and store 
overnight at 40C. Coated plates are good for up 
to 10 days when stored at 4«>C. 

B. On day of use, remove coating buffer and replace 
"'^^^^ blocking buffer (5% Carnation Instant Non- 
Fat Dry Milk in PBS) . Incubate the plate. 
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shaking, at room temperature (about 23«'C to 25oc) 
for 30 minutes. just prior to use, .emove 

blocking buffer and wash plate 4 times with TBS-. 

buffer. 

^ Seeding roiio 

A. EGFR/C7 cell line (Honegger, et al.. Ceil 51-199 
209. 1987) can be use for this assay 

B. Choose dishes having 80-90% confluence for the 
experiment. Trypsinize cells and stop reaction 
by adding 10% CS DMEM medium. Suspend cells in 
DMEM medium (10% cs DMEM medium) and centrifuae 
once at lOOO rpm, and once at room temperature 
£or 5 minutes, 

C. Resuspend cells in seeding medium (DMEM, 0.5% 
bovxne serum), and count the cells using trypan 
blue. Viability above 90% is acceptable. Seed 
cells in DMEM medium (0.5% bovine serum) at a 
density of io,000 cells per well, loO ;.l per 
well, in a 96 well microtiter plate. incubate 
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seeded cells in 5% CO, at 370c for about 40 hours 
Assay Pr -pcprinT-^o 

A. Check seeded cells for contamination using an 
inverted microscope. Dilute drug stock (10 mg/ml 
DMSO) 1:10 in DMEM medium, then transfer 5 ;.l 
to a test well for a final drug dilution of . -200 
and a final DMSO concentration of 1%. control 
wells receive DMSO alone. Incubate in 5% CO, at 
37<>C for one hour. 

B. Prepare EGF ligand: dilute stock EGF in DMEM so 
that upon transfer of 10 ^1 dilute EGF (1.12 
dilution) , 25 nM final concentration is attained 

C. Prepare fresh HNTG* sufficient for 100 ^1 per 

well; and place on ice. 

HNTG*: - 

10 ml 

•^^ HNTG stock - - , 

2.0 ml 
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milli-Q HjO 7,3 ml 

EDTA, 100 mM, pH 7.0 0 . 5 ml 

Na3V04. 0.5 M 0.1 ml 

Na^PO,, 0,2 M 0.1 ml 

^- After two hours incubation with drug, add 
prepared EGF ligand to cells, 10 ^1 per well, to 
yield a final concentration of 25 nM. Control 
wells receive DMEM alone. Incubate, shaking, at 
room temperature, for 5 minutes. 
^- Remove drug, EGF, and DMEK. Wash cells twice 
with PBS. Transfer HNTG* to cells, 100 /xl per 
well. Place on ice for 5 minutes. Meanwhile, 
remove blocking buffer from other ELISA plate and 
wash with TEST as described above. 
^- With a pipette tip securely fitted to a 
micropipet tor, scrape cells from plate and 
homogenize cell material by repeatedly aspirating 
and dispensing the HNTG* lysis buffer. Transfer 
lysate to a coated, blocked, and washed ELISA 
plate. Incubate shaking at room temperature for 
one hour. 

G, Remove lysate and wash 4 times with TEST, 
Transfer freshly diluted anti-Ptyr antibody to 
ELISA plate at 100 fxl per well. Incubate shaking 
25 at room temperature for 3 0 minutes in the 

presence of the anti-Ptyr antiserum (1:3000 
dilution in TEST) , 

Remove the anti-Ptyr antibody and wash 4 times 
with TEST. Transfer the freshly diluted TAGO 
anti-rabbit IgG antibody to the' ELISA plate at 
100 fil per well. Incubate shaking at room 
temperature for 30 minutes. 

anti-rabbit IgG antibody: 1:3000 dilution in 
TEST 

Remove TAGO detection antibody and wash 4 times 
with TEST. Transfer freshly prepared ABTS/Hp^ 
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solution to ELISA plate, loo ,.1 per well. 
Incubate at room temperature for 20 minutes. 

ABTS/H2O2 solution: 1.2ulTns-Hn -i-r^ -,n -. 

-^-^ ftj- -5Uo M2O2 in 10 ml ABTS 

stock. 

Stop reaction by adding 50 ^1 SN E,SO, (optional), 
and determine O.D. at 410 nm. 

The maximal phosphotyrosine signal is determined 
by subtracting the value of the negative controls 
^^^'^ the positive controls. The percent 
inhibition of phosphotyrosine content for 
extract-containing wells is then calculated 
after subtraction of the negative controls. 

^ EGFR-HER? chim^ri n -ro^^p ^^y 

HER2 kinase activity (EGFR-3T3) in whole cells was 
15 measured as described below: 

Material s & Rpaq >:>r.^c= 

EGF Ligand: stock concentration = is. 5 /zM- EGF 
201, TOYOBO, Co., Ltd. Japan. 

05-101 (UBI) (a monoclonal antibody recognizing 
an EGFR extracellular domain) . 
Anti-Phosphotyosine antibody (polyclonal) . 
TAGO antibody: Goat anti-rabbit IgG horse radish 
peroxidase conjugate, TAGO, Inc., Burlingarae, CA 

5) TEST buffer: Tris-HCl, pH 7.2 50 mM 

NaCl 150 mM 

Triton X-lOO 0.1 % 

6) HNTG 5X stock: HEPES ' 'q.I M 

NaCl 0.75 M 

Glycerol 50% 

Triton X-100 1.0% 

7) ABTS stock: Citric Acid 100 "mM 

Na^HPO, 250 mM 

HCl , cone . 0 . 5 pH 

ABTS* 0.5mg/ml 

* ^2,2' -azinobisO-ethylbenzthiazolinesulfonic 
acid) . Keep solution in dark at 4<>C until use. 
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8) Stock reagents of: 
EDTA 100 mM pH 7.0 
Na3V04 0,5 M 
Na4P07 0.2 M 

ProcediiT-f> 
The following protocol was used: 

Pre-coa^ pt.tc^^ ^Infr 

A. coat ELISA plates (Coming, 96 well. Cat. #25805- 
96) with 05-101 antibody at 0.5 ^g per well in 
PBS, 100 Ml final volume/well, and store 
overnight at 40c. Coated plates are good for up 
to 10 days when stored at 4°c. 

B. On day of use, remove coating buffer and replace 
with 100 ;xl blocking buffer (5% Carnation Instant 
Non-Fat Dry Milk in PBS). Incubate the plate, 
shaking, at room temperature (about 23 °c to 25 «C) 
for 30 minutes. Just prior to use, remove 
blocking buffer and wash plate 4 times with TEST 
buffer. 

Seeding rf>no 

A. An NrH3T3 cell line overexpressing a chimeric 
receptor containing the EGFR extracellular domain 
and extracellular HER2 kinase domain can be used 
for this assay. 

Choose dishes having 80-90% confluence for the 
experiment. Trypsinize cells and stop reaction 
by adding 10% fetal bovine serum. Suspend cells 
xn DMEM medium (10% CS DMEM medium) and 
centrifuge once at 1500 rpm, at room temperature 
for 5 minutes. 

Resuspend cells in seeding medium (DMEM. Q 5% 
bovine serum) , and count the cells using trypan 
blue. Viability above 90% is acceptable. Seed 
cells in DMEM medium (0.5% bovine serum) at a 
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density of 10,000 cells per well, loo ^1 per 
well, in a 96 well microtiter plate. incubate 
seeded cells in 5% CO, at 37«C for about 40 hours. 

* Assay Procedi]T<=>.q 

A. Check seeded cells for contamination using an 
inverted microscope. Dilute drug stock (lo mg/ml 
in DMSO) 1:10 in DMEM medium, then transfer 5 ^1 
to a test well for a final drug dilution of 1:200 
and a final DMSO concentration of i%. Control 
wells receive DMSO alone. Incubate in 5% CO, at 
37°c for two hours. 

B. Prepare EGF ligand: dilute stock EGF in DMEM so 
that upon transfer of lo p^l dilute EGF (1-12 

"° final concentration is 

attained. 

C. Prepare fresh HNTG* sufficient for lOO ^1 per 
well; and place on ice. * 

' 10 ml 

HNTG stock 2.0 ml 

20 milli-QH,0 7.3^1 

EDTA, 100 mM, pH 7.0 0.5 ml 

Na3V0„ 0.5 M o.l ml 

Na,PO„ 0.2 M 0.1 ml 

D- After 120 minutes incubation with drug, add 
prepared EGF ligand to cells, 10 ^1 per well, to 
a final concentration of 100 nM. Control wells 
receive DMEM alone. Incubate, shaking, at room 
temperature, for 5 minutes. 

Remove drug, EGF, and DMEM. Wash cells twice 
with PBS. Transfer HNTG* to cells, 100 ^1 per 
well. Place on ice for 5 minutes. Meanwhile, 
remove blocking buffer from other ELISA plate and 
wash with TEST as described above. 
F. With a pipette tip securely fitted to a 
micropipettor, scrape cells from plate and 
homogenize cell material by repeatedly aspirating 
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and dispensing the HNTG* lysis buffer. Transfer 
lysate to a coated, blocked, and washed ELISA 
plate. Incubate shaking at room temperature for 
one hour. 

S G. Remove lysate and wash 4 times with TEST. 

Transfer freshly diluted anti-Ptyr antibody to 
ELISA plate at 100 fil per well. Incubate shaking 
at room temperature for 3 0 minutes in the 
presence of the anti-Ptyr antiserum (1:3000 
dilution in TEST) . 

H. Remove the anti-Ptyr antibody and wash 4 times 
with TEST. Transfer the freshly' diluted TAGO 
anti -rabbit IgG antibody to the ELISA plate at' 
100 ^1 per well. Incubate shaking at room 
temperature for 30 minutes, 

anti-rabbit IgG antibody: 1:3000 dilution in 
TEST 

I. Remove TAGO detection antibody and wash 4 times 
with TEST. Transfer freshly prepared ABTS/HPj 
solution to ELISA plate, 100 ^1 per well. 
Incubate shaking at room temperature for 20 
minutes . 

ABTS/H2O2 solution: 1.0 /il 30% HjOj in 10 ml ABTS 
stock. 

Stop reaction by adding 50 ^1 5N HjSO^ (optional) , 
and determine O.D. at 410 nm. 
K. The maximal phosphotyrosine signal is determined 
by subtracting the value of the negative controls 
from the positive controls. The percent 

inhibition of phosphotyrosine content for 
extract-containing wells is then calculated, 
after subtraction of the negative controls. 

3. HER2-ELT.qA 
HER2-BT4 74 assays measuring whole cell HER2 activity 
3 5 was carried out as described below: 
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Mater j Pi o ^ r^,,^^^^^ 
The c n ,33, ^^^^ ^^^^^ 

HBT20), a human breast tumor cell • 

is ,rown in an incubator with S. co. at 
C. The growth media is RPMI + io% pBS . 
GMS-G. (Gibco supplement, . Glutamine 

4 . ' ^Tp:r' ""'"^^ ^^^''^^^ --^SA. 

10 , ■ J^2^P0, 0.20 g/1 

(GIBCO. 310-4190AJ, K.HPO, 2.16 g/1 

0.20 g/1 
NaCl 8.00 g/1 

pH 7.2 

Blocking Buffer: TEST plus 5% Milk (Carn.^ • 
Instant Non-Fat Dry Milk) (Carnation 

TBST buffer: Tris-HCl. . ,50 mM 

NaCl mM 
PH 7.2 (HCl, 10 N) 
Triton X-lOO o i'- 

rluZ r'o""" ^= ana 

7. HNTG buffer: heppq - 

wtPES 20 mM 

25 ^^^^ 150 mM 

PH 7.2. (HCl, 1 N) 
Glycerol 10% 
Triton X-lOO 0.2 



Na,VO,. 0.5 « as lOOX =tc,=k i. kept at -acc a. 
aliguots. 

10. Na.P,o,: 0.2 M as lOOX stock 

11. ^°lyclo„al antiserum a„tI-phosphotyrosina . 

18l'2>^ Tago, inc., Burlingame. CA. 
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13. ABTS solution: Citric acid 100 mM 

Na2HP04 250 mM 

pH 4.0 (IN HCl) 

ABTS 0.5 mg/ml 

5 * ABTS: 2 . 2 ' -azinobis (3 -ethylbenzthiazolinesulf onic 

acid) . 

* ABTS solution should be kept in the dark at 4*C. The 
solution should be discarded when it turns green. 

14. Hydrogen Peroxide: 30% solution is kept in dark 
10 and 4<»C, 

Procedure 

All the following steps are at room temperature and 
aseptically, unless stated otherwise. All ELISA plate 
washing is fay rinsing with distilled water three times and 
15 once with TEST. 

1 . Cell Seeding 

(a) Grow BT474 cells in tissue culture dishes 
(10 cm. Corning 25020-100) to 80-90% 
confluence and collect using Trypsin-EDTA 
(0,25%, GIBCO) . 

(b) Resuspend the cells in fresh medium and 
transfer to 96 -well tissue culture plates 
(Coming, 25806-96) at about 25,000-50,000 
cells/well (100 ;il/well) . Incubate the 
cells in 5% COj at ll^C overnight. 

2 . ELI SA Plate Coating and Blocking 

(a) Coat the ELISA plate (Corning 25805-96) with 
anti HER2 antibody at 0.5 fig/v^ell in 150 ^1 
PBS overnight at A<'C/ and seal with 
parafilm. The antibody coated plates can be 
used up to 2 weeks, when stored at 4°C. 

(b) On the day of use, remove the coating 
solution, replace with 200 /xl of Blocking 
Buffer, shake the plate, and then remove the 
blocking buffer and wash the plate just 

• before adding lysate. 
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Assay P rocffrinT«»c 



is 



(b) 



10 (c) 



(g) 

30 



(h) 

35 



(a) Test the drugs in serum-free, condition 
Before adding drugs, the old media 
replaced with serum- free RPMI (90 /xl/well)' 
Dilute drug stock (in 100% DMSO) 1:10. with 
RPMI. and transfer lo ^l/well of this 
solution to the cells to achieve a final 
drug DMSO concentration at 1%. Incubate the 
cells in 5% CO2 at 37<>C. 
Prepare fresh cell lysis buffer (HNTG*) 
HNTG 2 ml 

EDTA 0.2 ml 

Na3V04 0.1 tnl 

Na4P207 0.1 ml 

fiiQ 7.3 ml 

HNTG* 10 ml 

id) After drug preincubation for two hours 
remove all the solution from the plate 
transfer HNTG* lOO ^l/well to the cells, and 
shake for 10 minutes. 

Use a 12 -channel pipette to scrape the cells 
from the plate, and homogenize the lysate by 
repeat aspiration and dispensing. Transfer 
all the lysate to the ELISA plate and shake 
for 1 hour. 

Remove the lysate, wash the plate, add anti- 
PTyr (1:3,000 with TEST) 100 ^l/well, and 
shake for 30 minutes. 

Remove anti-pT^r, wash the plate, add goat 
anti-rabbit IgG conjugated antibody {1-5 000 
with TBST) 100 Ml/well, and shake for 30 
minutes . 

Remove anti-rabbit IgG antibody, wash the 
plate, and add fresh ABTS/Hfi, (1.2 ^1 H,Oj to 
10 ml ABTS) 100 Ml/well to the plate to 
start color development, which usually takes 
20 minutes. 
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(i) Measure OD 410 nM, Dynatec MR5000. 

±. PDGF-R Cellular R^c^cay 

The PDGF cellular kinase assay was carried out as 
follows: cells are lysed in 0.2 M Hepes, 0.15 M NaCl, lo% 
V/V glycerol. 0.04% Triton X-100, 5 inM EDTA, 5 mM Na* 
vanadate and 2.mM Na* pyrophosphate; cell lysates are then 
added to an ELISA plate coated with an anti-PDGF receptor 
antibody (Genzyme) ; ELISA plates are coated at 0.5 ;xg of 
antibody/well in 150 ^1 of PBS for 18 hours at 40C prior 
to the addition of the lysate; the lysate is incubated in 
the coated plates for 1 hour and then washed four times in 
T3ST (35 mM Tris-HCl pH 7.0, 0.15 M NaCl, 0.1% Triton X- 
100); anti-phosphotyrosine antibody (lOO fil in PBS) is 
added and the mixture is incubated for 30 minutes at room 
temperature; the wells were then washed four times in 
TEST, a secondary antibody conjugated to POD (TAGO) is 
added to each well, and the treated well are incubated for 
3 0 minutes at room temperature; the wells are then washed 
four times in TEST, ABTS/H,0, solution is added to each 
well and the wells are incubated for two minutes; absor- 
bance is then measured at 410 nm. 

— Sulforhodamine B (.gRB) Ass^v fn^ Adherent r^n c 

Sulforhodamine B assays for measuring effects of test 
25 compounds on cell growth were based on procedures 
described by Skehan et al . j. Natl. Cancer Inst. 52:1107, 
1990. Unless otherwise stated the assays were carried out 
aseptically as follows: 

Material & Merhnrtg 
^° (1) Sulforhodamine B - Sigma Catalog #S-9012 

Working solution: 0.4% Sulforhodamine E = 4 
gram/liter 1% Acetic Acid. 
(2) Trichloroacetic Acid (TCA) - Fisher Catalog #A322 
Working solution: 10% tca = 100 gram TCA + 1 
35 liter H2O. 
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(3) 



(4) 



Acetic Acid, Glacial - Fisher Catalog #A38 
working solution: i% Acetic Acid = lo .1 Acetic 
Acid + 990 ml HjO. 

Zls2 '-^"^"^^^^ "'^^ - "sher catalog 

wcrting solution, xo „^ tri. . 

base/liter HjO. 

Procedi i-rg> 

containing control c^Us or cell treated with 
compounds, rinse wells 2 or 3 times with PBS and 
layer 200 ,1 cold 10% TCA onto each well. pi, 
cells for 60 minutes at 40c 
(6) Discard TCA and rinse walls 5 ti^es with 

distilled HP. Dry plate upside down on paper 

towel . 

with 1% acetic acid. 
IS> Dry plate upside down on paper towel 

' :::r - aye 



30 



With 100 ul 10 mM T-rio 

MX mw Tris base per well for 5-10 
minutes on titer plate shaker 
(11) Read optical density at dual wavelength .ode 570 
and 630 nm on Dynatech ELISA plate reader. 
Model MR 5000. 

— Soft Agar Asf^^y p^^^^^^-, 

The soft agar assay is well known in the art as . 
method for measuring the effects of k 
growth, unless otherwise s ^ the so^rr^" 
carried out as follows: ^""^ 



BNPOOCfD <WO 9SP41Q0A? I » 



wo 95/24190 



PCTAJS95/02826 



65 



10 



15 



30 



35 



Material ReaaPr.^c= 

(1) A Water bath set at ^gon =.^^ 

3t 370C another water bath 

(2) 2X a ^^^.^^ comprised of 2X Dulbecco's 
Modxfaed Eagle's Medium (DMEM) (Gibco Cat n 
CA400-4ANO3) supplemented by the following: ' 

20% Fetal Bovine Serum (FBS) 
2 mM Sodium Pyruvate 
4 mM Glutamine 
20 mM HEPES 

Non-essential Amino Acids {i:SO from loox 
Stock) 

(3) IX assay ™ediu» „«de of ix DME« suppl.„.ntea with 

lOOx stock) . 

(«l 1.6% SeaPlaque Agarose in autoclave bottle 



20 (6) 
(7) 

(8) Pipets and sterile tips 
(10 



(9) Sterile microcentrifuge tubes 
25 (11, Tll^ ^""^ fACTT HTB77) . 



0.25% Trypsin solution (Gibco # 25200-015) 
^'^^ tocedure fo r m.Vina ^h. K... 



(a) 
(b) 



Have all the media warmed up in the 37°C 
water bath. 

To make ix of assay medium ^0.8% agar- 
make a 1:2 (vol:vol) dilution of melted agar 
(cooled to 390C), with 2X assay medium. 

(c) Keep all media with agar warm in the 39oc 
water bath when not in use. 

(d) Dispense 1 ml of i x assay medium . o 8% 
agar into dishes and gently swirl plate to 
form a uniform base layer. Bubbles should be 
avoided . 
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(e) 



overnight in the refrigerator. 
£^°'^»'r» for 

Ta.e out one flas. per cell line fro. the 

of IX assay media to Inhibit 
trypsin activity. pip,, ^^^^^ "^^^^ 

ao„,^hen transfer the suspension into^^l 

" rrtr tuntrrt °' 

trypan hlue exCus^on ^^^^"'^ ''^ 

Take out the appropriate volume needed to 
eea 3300 viahie eeUs per plate a„a dilute 
20 114) Pro. 7 " "==5' "^'Sio'"- 

(a) Add test coiopounds at twice fh» a ■ 

final ==_ twice the desired 

fxnal assay concentration; . 1.5 n.1 of cell 
--ay medium 10% FBS; . 1 5 

T""^ ^ agarose*: Total 

- 3.0 ml IX media 10% FBS . o.4% agarose 
with 3300 viable cell.5/n,i -.u H^rose 
test compounds ' ' 

forlhe^b °^ -^ia With l.s. agar 

for the base layer procedure above ) 
'W Plate 1 ™l ^^^^^ ^ 

^■i.«a, xoiff CO2 incubator 

sco°"h" "° " are 

scored positive. " 
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6. MCF-7 fiPP Growth Rceay 

MCF-7 cells are seeded at 2000 cells/ well in a 96- 
well flat bottom plate in normal growth media, which was 
10% FBS/RPMI supplemented with 2 mM Glutamine. The plate 
of cells is incubated for about 24 hours at 37«C after 
which it receives an equal volume of compound dilution per 
well making the total volume per well 200 ^1 The 
compound is prepared at 2 times the desired highest final 
concentration and serially diluted in the normal growth 
media in a 96-well round bottom plate and then transferred 
to plate of cells. DMSO serves as the vector control up 
to 0.2% as final concentration. The cells are then 
incubated at 37oc in a humidified 5% CO, incubator. 

Four days following dosing of compound, the media is 
15 discarded and 200 ;,l/well of ice-cold io% tca 
(Trichloroacetic Acid) is added to fix cells. After 60 
minutes at 40C, the TCA is discarded and the plate is 
rinsed 5 times with water. The plate is then air-dried 
and 100 M/well of 0.4% SRB (Sulforhodamine B from Sigma) 
20 in 1% Acetic Acid is added to stain cells for 10 minutes 
at room temperature. The SRB is discarded and the plate 
IS rinsed 5 times with 1% Acetic Acid. After the plate is 
completely dried, lOO ^l/well of 10 mM Tris-base is added 
to solubilize the dye. After 5 to 10 minutes, the plate 
IS read on a Dynatech ELISA Plate Reader at dual 
wavelengths at 570 nm and 630 nm. 

8. MCF-7/WBP-O SRB ^,T-f^W^h T.c.r.^y 

The protocol is basically the same as that above (for 
the MCF-7 Growth Assay) except that immediately before the 
30 compound is added, the normal growth media is removed and 
0.5% FBS/RPMI supplemented with 2 mM Glutamine is added 
onto the cells. The compound is also prepared in this 
0.5% serum media. The plate of cells is incubated for 
four days and developed as usual. 
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9. 3T_^ r:T-ou>^>^ Assay 
The 3T3 growth assay was carried out as follows: 

Materials a,.^ °-i-rrnr- 

(2) Calf serum, Gibco 1G170-029; 

(3) Trypsin-EDTA, Gibco 25200-056- 

Is! Du'l'b' ^-tified/oibco 16000-028; 

(5) Dulbecco's Phosphate-Buffered Saline (d-pbs, 
Gibco 14190-029; ' 

(6) Sulforhodamine B (SRB) , Sig.a S-9012. 0.4% SRB in 
i-s acetic acid; 

17) 10 mM Tris-base, Fisher BP152-5- 

,T Fisher A3a2.S00,. 

,s;" 5, ' ^"-P^-- '-erile), coming 03- 

Te°cVoi ' ' «"-i>= 
Technologies Corporation, 8086; 

(11) Sterile pipet tips, Fisher 21-197-8E. 

(12) 50 „,1 sterile test tubes. Fisher 05-539-6. 

Cell Lin^o 
NIH3T3C7 cells in 10% CS.2 mM GLN DMEM 
HER2C7 cells in 2% FBS +2 mM GLN DMEM 



20 



25 (1) 



ProcediiT-pg 

HER2C7 (engineered to express HER2) and NIH3T3C7 
(as the control) cells are used for this assay 
NIH3T C7 cells are seeded at 2500 cells/well, 10 
Ml/well in 10% CS.2 mM GLN DMEM, in a 96 well 

cells/well, 100 ^l/well m 2% FBS.2 mM GLN DMEM 
a 96 well plate. Cells are incubated at 37«c' 
5* CO overnight to allow for cell attachment t; 
tne plate; 
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(2) 



The test compound is added to the cells at day 2. 
The compounds are prepared in the appropriate 
growth medium (10% CS + 2 mM) GLN DMEM for 
NIH3T3C7 cells; 2% FBS+2 mM GLN DMEM for HER2C7 
5 cells) in a 96 well plate, and serially diluted. 

A total of 100 fil/well medium of the diluted 
compounds is added into the cells. The total 
volume of each well is 200 fil. Quadruplicates 
(wells) and 11 concentration points are applied 
10 . to each compound tested. 

(3) After the cells are treated with the compound for 
4 days, the cells are washed with PBS and fixed 
with 200 /il/well ice-cold 10% TCA for one hour at 
0-5°C condition. 
*5 (4) Remove TCA and rinse wells 5 times with deionized 

water. Dry plates upside down with paper towels. 
Stain cells with 0.4% SRB at 100 ;tl/well for 10 
minutes . 

(5) Pour off SRB and rinse plate 5 times with 1% 
acetic acid. Dry plate completely. 

(6) Solubilize the dye with 10 mM Tris-base at 100 
Ml/well for 10 minutes on a shaker. 

(7) Read the plate at dual wavelengths at 570 nm and 
63 0 nm on Dynatech Elisa plate reader. 

2^ B. Results 

The effects of different compounds on EGFR, HER2 and 
PDGFR kinase activities are shown in Table V. 
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10 



15 



20 



QIC 


43 


11.66 










Nil 


>50 


28.03 










MIC 


>50 


30.63 











25 



Table V shows compounds which, significantly inhibits 
the cellular kinase activity HER2, EGFR and/or PDGFR. 
Such compounds were scored as "hits" in the initial 
cellular kinase screen. Additional compounds belonging to 
Groups I -IV were tested and found not to inhibit cellular 
kinase activity of a receptor with an ICso of less than 50 
MM (data not shown) . Using the described assay other 
compounds belonging to Group I -IV, able to significantly 
inhibit HER2, EGFR and/or PDGFR can be obtained. By 
analyzing the "hits" important functional groups can be 
identified thereby facilitating the design of additional 
compounds able 'to inhibit a receptor tyrosine kinase. 
Further testing and characterization can be carried out as 
described above, for example in the section regarding 
additional compounds. 

Table VI provides cellular kinase assay data and cell 
growth data for Group 1 compounds. The cellular kinase 
assay data is shown in the columns labeled HER2BT474, 
EGFR-3T3, and E/HER2-3T3 . The growth assays are shown in 
the columns marked MCF7-HER2, MCF7, 3T3-HER2 and 3T3 . The 
data was obtained using procedures described above. 



TABLE VI 



COM- 
POUND 


HER2-BT474 


EGFR- 
3T3 


E/HER2- 
3T3 


MCF7- 
HER2 


MC 
F.7 


3T3- 
HER2 


3T3 


M9 
















MIO 


30.63 


>50 












Mil 


3.1 


21 


>100 


0.2 


4 


30 


75 


M12 


>50 


13.4 












M13 


14 


>100 


>100 










M14 


>50 


37.2 
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HERPRT^-7z - ^ positive result m the 

E/HER2 3' '^'''^ ^^"^^ - 

HER2 Significant inhibition in the 

HER2 growth assays. a possible explanation for this 

^ may be acting by inhibiting HER2 

transphosphorylation f^^ , 

jrj.cii.ion, tor example HER9 

transphosphorylation by HER4 The data a]<,o • 

/ cni . ine aata also point out the 
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ability of numerous Group 1 class 2 compounds to inhibit 
HER2 in a growth assay while having little effect on EGFR 
in a cellular kinase assay. 

Example 2 : Chemical Synthesi s 
Examples of synthesis of exemplary compounds belonging 
to different groups and classes of compounds are described 
below. 

Group I Compounds 

M9 

M9 was prepared as described by Gazit et al . , j. Med. 
Chem. 34:1896 (1991) . 



MIO 

MIO was prepared as described by Gazit et al . , j. Med. 
Chem. 34:1896 (1991) . 



15 Mil 



Mil was prepared as described by Ohmichi et al, supra. 
3,5-Di-tert-butyl-4-hydroxybenzaldehyde (0.47 g, 2 mmol) , 
0.2 g (2.4 mmol) of thiocyanoacetamide and 30 mg of ^- 
alanine in 40 mL of EtOH (ethanol) were refluxed for 6 
20 hours. Water and HCl were added, and the reaction mixture 
was extracted with EtOAc (ethyl acetate). Evaporation 
gave 0.34 g (54% yield) of a yellow solid: mp 210«'C; NMR 
(acetone d,) 6 8.47 (l H, s, vinyl), 8.02 (2 H, s) , 1.48 
(18 H, s); MS m/e 316 (M% 100), 303 (35), 301 (99), 268 
(16), 260-(M (CH3),=C,45), 245 (17), 228 (22), 219 (52), 
203 (10) , 143 (11) , 129 (11) . 



M12 

M12 was prepared as described in Ohmichi et al., 
Biochemistry 32:4 650 (1993) in two steps. First 3- 
30 methoxy-4- hydroxy- 5 -iodobenzylidene)malononitrile was 
prepared. To 1.4 g (5 mmol) of 5-iodovanillin and 0.4 g 
(6 mmol) of malononitrile in 25 mL of ethanol was added 3 
drops of piperidine, and the reaction mixture was refluxed 
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for 4 hours. Workup gave 0.8 g (49% yield) of a yellow 
solxd: mp 1880C; NMR (CDCI3) 6 7.76 (1 H,J=l 8 Hz H ) 

a H,d,.= ..a Hz,H,,. 7.56 (1 H,s,vinyl,; 6 8; a 
H,s,OH), 3.99 (3 H,s,0CH3); MS m/e 327 (13). 326 (M* 100) 
283 (18), 128 (35), 101 (22). ' 

Second 3-methoxy.4-hydroxy-5 
xodobenzylidene)n,alononitrile (0.65 g, 2 mmol) and 0.6 .L 
(6 mmol) borontribromide {BBr3) in 40 mL of CH.Cl, were 

' temperature. Water 

was added, and the reaction fixture was extracted with 
EtOAc to gave 0.46 g (73% yield) of a light-red solid 
(yellow xn solution): mp 1050C; NMR (acetone-d,) 6 8 03 (i 

Hz,H,),. MS xn/e 312 (M^ 38), 254 (74), 185 (M-I,27), 158 
(M-I-HCN,11), 157 (64), 130 (19), 129 (23), 127 (100 • 



M13 



M13 was prepared as described by Oh^ichi at ai, aupra 
N-Be„zyl=y,noacetamide ,a.0S g. 6 „™ol, and 2 . 5 g of 
Lawson reagent in 40 ^ of toluene were reflu^ed /or 3 
20 under N,. Evaporation and chromatography gave 0.52 

1 °' ' «-Benzyloyanoaceta„ide) : 

"P- 87 = C.. «™ ,a>Cl,,6 7.3, ,5 „.„, , 4.85 ,2 H. d, a.7 0 
Hz). 3.96 (2 H, s, CH,CN) ,. MS m/e 191 (24), 190 (M*, 100) 
25 mM, 9, 1.4 mmol) , 0.19 g ,1.4 

^' °'^'^™"^™""^hyde, and 15 mg Of alanine 
n 30 mL Of ethanol were refl.xed for 4 hours. „orl=up 
(i^ addrng water to the reaction mixture and extracting 
.V with CHCl. ,or ethyl acetate for polar compounds' 

washing the organic phase to neutrality, drying on Mgso,. 

ethvl t ~-i„g the phase to dryness) witi 

™cl /cT " -""-"on With 

CHjCl^/CfiHi gave 0.27 g (64% yield) of ^ 

3 yj.eia; ot a yellow solid (M13) • 

nip-195°C; NMR (acetone-d.) 6 8 24 n h e ■ -, , 

^' '^-^^ <^ s, vinyl), 7.69 (1 
H, d a = 2.2 HZ, H,), 7.45-7.28 ,6 H, m) , 6.93 ,1 „, d, 3 
' 8.3 Hz, H>) S.06 (2 H. s, CH,N) MS m/e 310 (M', 25). 293 
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(M-OH, 35) 172 (M-SH-NHCHjCfiHj, 15), 123 (15), 106 (55), 91 
(100) . 

M14 

M14 was prepared as described by Birchall and Harney 
5 Chej77. Abst. 88:535 (1978). 

M15 

M15 was synthesized in two steps. First, 3.2 g of 3- 
trifluoromethylaniline and 3 g of methyl cyanoacetate were 
heated at 100°C, under N^, 18 hours. Chromatography on 
10 silica gel (elution with 2% CH3OH in CH,C1,) and trituration 
with benzene gave 0.88 g of N-3-trif luoromethylphenyl 
cyanoacetamide as a grey-white solid, mp 127°C. MS: 228 
(M-^, 56), 188 (M-CHjCN, 19), 160 (M-COCH2CN, 100). NMR CDCI3 
a 7.84-7.50 (4H,m), 3.60 (2H, s, CH2CN) . 
15 Second, 0.38 g, of N-3-trif luoromethylphenyl 

cyanoacetamide, 20 mg /3-alanine and 0.22 g of 3,4- 
dihydroxybenzaldehyde were refluxed in 15 ml ethanol for 
6 hours. Workup gave 0.52 g of M15 as a green-yellow 
solid, mp 250°C. NMR acetone d^^ 5 8.19 (IH, s, vinyl), 
7.75 (IH. d, J=2.2 Hz, H^) , 7.46 (IH, dd, J=8.3, 2.2 Hz, 
He), 7.01 (IH, d, J=8.3 Hz, H5) , 8.24, 8.03, 7.61, 7.50 
{4H) . MS: -348 (M\ 68), 188 ( CONHC6H4CF3 , 100), 161(90), 
114(44). 



20 



M16 



25 



0.69 g, of 5-iodo vaniline, 0.5 g N- 3 -phenyl -n-propyl 
cyanoacetamide and 50 mg j3-alanine in 30 ml ethanol were 
refluxed 5 hours. Evaporation gave an oil which was 
triturated with benzene -hexane and filtered to give 3- (4- 
hydroxyl-3-iodo-5-methoxyphenyl-2 [ (3-phenyl-n- 
30 propyl )aminocarbonyl acrylnitrile as a bright yellow solid 
(0.82 g, 71% yield, mp-SSoC) . (3-methoxy 4 hydroxy 5-iodo 
or-cis cinnamone (3'phenyl propane) amide). (Should be 
kept solid and protected from light. Material in 
solution, 2 weeks at room light deteriorated partially.) 
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NMR CDCI3 6 8.12{1H.S), 7 . 75 (IH, d, J=2 . 0 Hz), 
7.68(lH,d.J=2.0 Hz), 7 . 30-7 . 10 (5H, m) , 3 . 96 (3H, S,OCH3) ' 
3.45(2H,q,J=6.0 Hz), 2 . 70 (2H, t , J=6 . 0 Hz), 1.95(2H, quin 
J=6.0 Hz). MS - 462(M^53), 357 (M-CH2)3Ph, 18) , 335(M- 
5 1,100), 327{M-NH(CHj)3 Ph, 31), m/e . 

0.5 g 3- {4-hydroxyl-3-iodo-5-methoxyphenyl-2 [(3- 
phenyl-n-propyl)aminocarbonyl acrylnitirile and 0.4 ml BBr3 
in 30 ml CH^Clj were stirred at room temperature 1.5 hours' 
Water was added and the reaction extracted with EtAc 

10 Evaporation and trituration with benzene-hexane gave M16 
as a light brown solid, 0.3 g, 63% yield, mp-184«'C. NMR 
acetone d, 6 8 . 0 (1H,S, vinyl) , 7 . 88 (IH, d, J=2 . 0 Hz) 
7.66(lH,d,J=2.0 Hz), 7 . 30 (5H, m, Ph) , 3 .42 {2H, t , J=6 . 0 Hz) ' 
2.70(2H,t,J=6.0 Hz), 1.96(2H, quin., J=6.0 Hz). MS - 

L5 448(K%3%), 321(M-I,8), 217(21), 201(33), 118(100), m/e 



20 



Ml 7 



25 



0.7 g, of 3,5-di-t-butyl-4-hydroxy-benzaldehyde, 0.46 
g of 3-amino 4 cyano 5-cyanomethyl pyrazole (prepared 
according to Carboni et aJ., J. chem. Sac, 80:2838, 1958) 
and 40 mg ^-alanine were refluxed in 10 ml ethanol 15 
hours. cooling and filtering gave 0.5 g, of M17, 4 6% 
yield, yellow solid, mp-255oc. nmr CDCI3 6 

7.92(lH,S,vinyl.), 7.80{2H,S) , 5 . 76 ( IH , S , OH) 

3.75{2H,br,S,NH,), 1.48(18H,S). MS-364 (M^l , 28 ) 

363(M„100%), 348(M-CH3,58), 292 (M-56-CH3,31), 147(41), m/e 



Ml 8 



30 



0.7 g of 3.5-di-t-butyl-4-hydroxy-benzaldehyde, and 
0.68 g of l-phenyl-3-amino-4-cyano S-pyrazole acetonitrile 
(prepared according to Carboni et al . , j. chew. Soc, 
supra), and 40 mg ^-alanine were refluxed 15 hours 
Chromatography gave 0.27 g, 20% yield, yellow solid, mp- 
2150c. NMR CDCI3 6 8.02(lH,S,vinyl), 7.89(2H,S), 7.80- 
7.72(5H,m), 1.48(18H,S). 
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M19 

18 g of 2,6-di isopropyl phenol and 1.8 g HMTA 
(hexamethylene tetraamine) in 60 ml TFA (trifluoro acetic 
acid) was refluxed 3.5. hours. Workup, chromatography on 
5 silica gel (CHjClj) and trituration with hexane gave 5,3 g, 
26% yield, white solid, mp-103<'C (3 , 5 , -di-iso-propyl 4 
hydroxybenz aldehyde) . NMR CDCI3 6 9.87 (IH, S, CHO) , 

7.63 (2H,S) , 3.19 (2H, septet, J=7. 7 Hz) , 1 . 30 (12H, d, J=7 . 7 
Hz) . 

^0 0-4 g of 3, 5, -diisopropyl-4-hydroxy benzaldehyde) , 

0.15 g of malononitrile and 3 drops piperidine in 30 ml 
ethanol were refluxed 3.5 hours. Workup and trituration 
with hexane gave 0.28 g, 56% yield, yellow solid, mp- 
ISO-C. NMR CDCI3 6 7.69(2H,S), 7.65(1H,S, vinyl), 

15 3.16 (2H, septet, J=7.0 Hz), 1 . 29 (12H, d, J=7 . 0 Hz). MS . - 
. 254(M\59), 239{M-CH3, 95) , 197 (M-2CN3-HCN, 100%), 149(25), 
m/e . 

M20 : (E) -3- (3 , 5 -di - t- butvl-4 -hvdroxvphenvl) -2- T (3-pheny1 - 
n-T3ropyl) aminocarbonvll acrvlonitrile 
20 M20 was prepared using 3 , 5-di- t-butyl-4- 

hydroxybenzaldehyde and N- 3 -phenyl -n -propyl cyanoacetamide 
under the similar conditions as descibed for M2l infra, 

' H21j (E) -3- (3 . 5-diisop ropvl-4-hvdroxvphenvl) -2- F (3-pheny1 - 

n-propyl ) a minocarbonvll acrvlonitril e 
25 A solution of 4.12 grams (20 mmole) of 3,5- 

diisopropyl-4-hydroxylbenzaldehyde and 4.24 grams (21 
mmole) of N- ( 3 -phenyl -n-propyl) cyanoacetamide was refluxed 
in 40 ml of ethanol for five hours. The mixture was then 
poured into 200 ml of diluted hydrochloric acid solution 
and extracted with methylene chloride (2 x 150 ml) . The 
organic layer was then washed with water, 5% sodium 
bicarbonate solution, brine, dried over sodium sulfate, 
filtered and concentrated. The crude solid was then 
recrystallized from tolene to provide 5.4 grams (13.9 
35 mmole, 69%) of M21 as light brown solid. The purity of 
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10 



this material is over 95% of HPLr ^r,^ 
confirmed by NMR, MS and IR. 

0.5 g, of 3,5-diisopropyl-4-hyrdroxybenzaldehyde, o 35 

yellow solid o^;"' ™— ^ - ™. 

lic^id gave another 4/0 Jof °™ °' 



-n.;Lyan:acia:ir.j;r.:r"r;'/,^^ ^ - 

S -urs. coolin. and fii.el; . r T/Tr 

Worlp .nTkr" " ' temperature 

orKup (HjO, EtAc) gave 0.16 g of M23 
220or ^ yellow solid, tno- 

c. NMR acetone d. 6 8 05 Hp c w-i 1 v 
7 70(lHd J ^ Vinyl), 7 . 85 (IH, d, J=2 . 1 

•70(lH,d,J=2.1 H2), 7.30(5H,m), 4.6(2H.S). 

orange viscous oil that rinVi . " 
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Hz), 2.76(2H,t, J=7.0 Hz), 2.11(2H, quintet, J=7.0 Hz), 
1.29(12H,d, J=:7.0 Hz). MS - 407{M+1,55), 406(M+,70), 
373(M-CH3-H2O,100) , 363 (M-isopropyl , 72), 272 (M-NH (CHj) 3 Ph, 
20), 259 (58), 230 (28), 91 (28), m/e . 

5 M2B (E) - 2 -aminothiocarbonvl -3 - (3 , 5-diisoDroov1 -4 - 

hvdroxvphenvl) acrvlonitrile 

M25 was prepared using 3 , 5-diisopropyl-4 - 
hydroxybenzaldehyde and cyanothioacet amide under similar 
conditions as decribed for Mil, 

(E) -3- (3 , 5-diisoproDvl>4-hvdroxvx>henvl-2- \ (pvrid-::>- 

vl) sulfonvll acrvlonitrile 

A solution of 450 mg (2.2 mmole) of 3 , 5-diisopropy-4 - 
hydroxylbenz aldehyde and 400 mg (2.2 mmole) of 2- 
pyridinesulfonlyacetonitrile (Lancaster catalog number 

15 7114) in 10 ml of ethanol was refluxed with few drop of 
piperidine for 3 hours. The reaction was then cooled to 
room temperature and added with about 5 ml of water until 
crystallization began. After standing at 0°C for 2 hours, 
all the solid was collected and dried by suction 

20 filtration to provide 350 mg M26 (0.95 mmole, 43% yield) 
as an orange solid. The purity of this material is over 
*95% by HPLC and the structure confirmed by NMR, MS and IR. 

M27j (E) -2-c vanomethvlsulf onvl-3- ( 3 , 5 -diisopropvl -4 - 

hvdrox\n3henvl ) acrvlonitrile) 

25 A mixture of 500 mg of 3 , 5-diisopropyl -4 - 

hydroxybenzaldehyde and 700 mg of sulfonyl diacetonitrile 
in 6 ml of ethanol was refluxed with a few drops of 
piperidine for 4 hours. Ethanol was removed in a rotavap 
and the mixture worlced up with ethyl acetate, diluted acid 

3 0 and brine. A portion of the crude was then purified by 
HPLC on a C-18 column to provide 50 mg of M27 along with 
3 0 mg of M2 9 . 
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M28: 



(E) -3- (3,5-(iiiRoproDv1 -4 - h vdroyYr >^o nvl) -9- ^ (/i- 
trif luoromethvl ) phenyl ^mi no ^ arhnnvl 1 ^.^r vloni tr■i^^ 

A mixture of 3.0 g of 3 , 5-diisopropyl-4- 
hydroxybenzaldehyde and 3.8 grams of n-4 
5 trifluoromethylphenyl cyanoacet amide in 15 ml of ethanol 
containing 0.2 ml of piperidine was heated at lOQoc for 6 
hours. The mixture was then cooled at Qoc for 2 hours and 
the solid collected by filtration. The crude product was 
then further crystallized in ethanol and water to provide 
10 3.6 grams of M28 . 

^ LE,E)-2-rn-cvano-.-r. c - ^ . j ......p ,.. _ . 

hvdroxyph.ny1)Pth....n.,nfonvn-.-., c . jj.,, 
hvdroxvphPnvllarryl r^ nitr^^^) 

M29 was obtained in the preparation of M27, as 
15 described above. 

-3- , S-riii..,opropv1 - 4 - h vH^^^yp ^.^^^-, . 

( phenyl .qti If on v1 ) :=.r^r ^lonTr-ri ^ o) 

M30 was prepared with 3 , 5 -diisopropyl -4 - 
hydroxybenzaldehyde and phenylsulf only acetonitrile under 
20 the similar conditions as decribed for M26. 

7^^^ -3- (3 '^-dimPthyl -4 -hvrir-o^yp v,^^, ,-, ^ . 

i phenyl su If onyl ) ^.^rvloni i-r-i 1 o) 

M31 was prepared with 3 , 5-dimethyl -4 - 
hydroxybenzaldehyde and phenylsulf only acetonitrile under 
similar conditions as decribed for M26. 



25 



M32 



-3- , ^-dimethyl -4 -h^^drovx^h.^yi ^ _ 2- f fn^.^-;^-o. 
Vl)su]fr.ny1 ]= crv1nn -i 1^1 

M32 was prepared with 3 . 5 - dimethyl - 4 - 
hydroxybenzaldehyde and (pyrid-2-yl) sulf only acetonitrile 
30 under similar conditions as decribed for M26 . 

fr" ^£^^3 . 5-di - , . ^-,-i pe....H..,,i ^ _ . 

i phenyl sulf Onvl \ ^r- ^ylon ^t■■r^^^ 
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M33 was prepared with 3 , 5-di- t-butyl-4- 
hydroxybenzaldehyde and phenyl sulf only acetonitrile under 
similar conditions as decribed for M26. 

M34 : (E) -3- ( 3 . 5 -di - fr-butvl -4 -hvdroxvDhenvl ) - 2 ■ F (pvrid-;>- 
5 vl) sulfonvll acrvlonitrile 

M34 was prepared with 3 , 5-di - t-butyl -4 - 
hydroxybenzaldehyde and (pyrid-2-yl) sulf only acetonitrile 
under similar conditions as decribed for M26. 

M35j (E) -3- (3 > 5-di- t-butvl-4-hvdroxvphenvl) -2- F (4- 

10 trif luo romethvl) phenvlaminocarbonvn acrvlonitrile 

M35 was prepared with 3 , 5-di- t-butyl -4 - 
hy droxyben z a 1 dehyde and N - 4 - 1 r i f luorome t hy Ipheny 1 

cyanoacetamide under similar conditions as decribed for 
M28. 

15 M3 6 : (E) - 3- ( 3 . 5 - d i - t: - bu t V 1 - 4 - h vdr oxvphenvl ) - 2- 

(cvanomethvlsulf onvl) acrvlonitrile 

M36 was prepared with 3 , 5-di- t-butyl-4- 
hydroxybenzaldehyde and sulfonyl diacetonitrile under 
similar conditions as decribed for M27. 

20 M37 : (E,E) -2 - f ri-cvano-2- (3 . 5 - d i i s oo r opv 1 - 4 - 

hvdroxvphe nvl ) ethenvll sulfonvll - 3-(3.5-di- t-butvl-4- 
hvdroxvphenvl) acrvlonitrile 

M37 was obtained in the preparation of M36. 

^3 8: (E,E) - ri-cvano-2 - (3 , 5-dimethvl-4- 

25 hvdroxvphenvl ) ethenvll sulf onvl -(3,5-dimethvl-4- 
hvdroxyphenvl ) acrvlonitrile 

^33 8 was prepared with 3 , 5 - dimet hy 1 - 4 - 
hydroxybenzaldehyde and sulfonyl diacetonitrile under the 
similar conditions as decribed for M29. 
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— (E) -3- (3-hvdroxv-4-nitrnr>h>:>n v l) -2- T (^-phenyl -n- 

propvl ) a minocarhonvl 1 anrylonitr-i 1 ^ 

M-39 was prepared with 3-hyroxy-4-nitro benzaldehyde 
and N-3 -phenyl -n-propyl cyanoacetamide under similar 
5 conditions as described for M28. 

(E) -2- (ben7vlamino>.n1 f o nvl) M , S-di- <:-hn^Y^ 

hvdroxvr>h«:>nY l ) acrvl nni i-ri 1 

A: To a solution of 2 . 14 g of benzylamine in 10 ml 
of ether at 5°C was slowly added a solution of 1.37 g of 
10 cyanomethylsulfonylchloride [Sammes, et al . , j. chem. 
Soc. ic). 2151, 1971] in 5 ml of ether. The resulting 
mixture was then stirred for another 30 minutes, poured 
into 50 ml of water and extracted with 50 ml of ethyl 
acetate. The organic layer was then washed with brine, 
dried over magnesium sulfate, filtered and concentrated! 
The crude sulfonamide was then purified on a silica gel 
column (1:1 hexane/ethyl acetate) to provide 1.52 g of N- 
benzyl cyanomethylsulf onamide. 

B: A mixture of 250 mg of 3 , 5-di- t-butyl-4 - 
20 hydroxybenzaldehyde and 230 mg of N-benzyl cyanomethyl 
sulfonamide in 2 ml of ethanol with 2 drops of piperidine 
was heated at lOOoc for 3 hours. The cooled mixture was 
then diluted with lO ml of water and extracted with 50 ml 
of ethyl acetate. The organic extract was then washed 
25 with brine, dried over sodium sulfate, filtered and 
concentrated. Crystallization of the crude with ethyl 
acetate and hexane yield 206 mg of M4 0. 

(E) -2 - (bPnzylamino.sTilfonvl) - T- n , 5 -di i .c^^p r-^p Y"' 

hydroxvphenv] ) anT- yionit-ri 1 p) 

30 M41 was prepared with 3 , 5-diisopropyl-4 - 

hydroxybenzaldehyde and N-benzyl cyanomethylsulf onamide 
under similar conditions as decribed for M4 0 (part B) . 
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M42 : (E) -2- (benzvlaminosulf onvl ) -3- (3 , S-dimethvl -4 - 

hydroxvphenvl ) acrvlonitrile 

M42 was prepared with 3 , 5 -dime t hy 1 - 4 - 
hydroxybenzaldehyde and N-benzyl cyanomethylsulf onamide 
5 under similar conditions as decribed for M4 0 (part B) 

M43 : (E) -3- ( 3 , 5 -di - t -but vl -4 -hydroxvphenvl ) -2- f (3-phenvl- 
n-propvl) aminosulf onvll acrvlonitrile) 

A: N- 3- Phenyl -n -propyl cyanomethylsulf onamide was 
prepared with 3 - phenyl - n - propyl amine and 
10 cyanomethylsulfonly chloride under similar conditions as 
decribed for N-benzyl cyanomethylsulf onamide (Part A, 
M40) . 

B: N- 3 -Phenyl -n-propyl cyanomethylsulf onamide and 
3 , 5-di- t-butyl-4 -hydroxybenzaldehyde was condensed under 
15 similar conditions as decribed for M40 (Part B) to yield 
M43 . 

^^^^ (E) -3- (3,5-diiso proDvl-4-hvdroxvphenvl) -2- r f3-pheny1 ■ 

n-propyl ) aminosulf onvl 1 acrvlonitrile 

M44 was prepared with 3, 5-diisopropyl-4- 
20 hydroxybenzaldehyde and N - 3 - phenyl - n - propy 1 
cyanomethylsulfonamide under similar conditions as 
decribed for M40. 

M45: (E) -3- (3 , 5 -dim ethvl -4 -hvdroxvphenvl ) -2- f (3-phenvl-n- 
propvl ) ami nosulf onvl 1 acrvlonitrile 
25 M45 was prepared with 3 , 5 -dime thyl - 4 - 

hydroxybenzaldehyde and N- 3 -phenyl -n -propy 1 
cyanomethylsulfonamide under similar conditions as 
decribed for M40 (part B) . 



GrouD II Compounds 

30 NIC 

0.7 g of benzofurazone-1 -oxide and 1 g, of benzoyl 
acetone in 10 ml Et3N (triethylamine) were stirred 
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overnight at room temperature. After 1 hour a precipitate 
was formed.. The mixture was stirred overnight at room 
temperature. Filtering and washing with methanol gave 
0.67 g of NIO as a lemon yellow solid. mp-240oc. NMR CDCl 
6 8.7-8.6(2H,m,H„8),7.9-7.5(7H,m), 2.52(3H,S). MS ' 

280(M^60%), 248 (M-0„35), 219 {M-H,0-C0CH3, 25), 187(M-Ph-0 
30), 159(M-Ph-COCH3, 100). m/e . 



Nil 



Nil can be obtained from the ABIC. isreali 
10 pharmaceutical company. 



N16 



15 



0.7 g of benzofuroxane. 0.9 g of acetyl acetone and 10 
ml NH3 in 50 ml methanol were stirred 20 hours at room 
temperature. Workup and chromatography on silica gel 
(elution with CH,C1,) gave 25 mg of N16 as a light yellow 
solid, mp I8I0C. NMR CDCI3 5 8.60(2H,m). 8 . 31 (IH. S ,H,) . 
7.85(2H,m), 2.62(3H,S). MS-176 (MMOO) , 159 (M-OH, 15) 
143(M-OH-0,7), 129(M-CH3-0,.12), m/e. 



N17 



20 



0.9 g of benzofuroxane. 0.9 g of phenyl acetone and 10 
ml NH3 in 30 ml methanol were stirred 20 hours at room 
temperature. Workup (H,0,CH,C1,) gave an oil. Trituration 
with hexane gave 0.33 g of N17. mp-19Soc, light yellow 
25 TsTi.ur ' «-^^(2H,m), 7.85(2H.m), 7.50(5H,M), 

25 2.50(3H.S). MS-252 (MMOO%) , 235(M-OH, 15), 218 (M-CH3-OH 
45), 206(H-O,CH„ 15), 206 (M-Ph-N-0,-CH„ 01^. 17). m/e. 

N18 

^° 9 °f benzofuroxane and 11 g of 

methylcyanoacetate in 15 ml DMF (dimethylf ormamide) at QOC 
was to 1.2 g of DBU (diaza bicyclo (5.4.0] undec-7-ene) 
The color turned violet. After 10 minutes in the cold 50 
ml HP and 1 ml concentrated HCl was added. The solid was 
fxltered to give 0.9 g of N18 as a deep yellow solid, mp- 



30 
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235°C. NMR CDCI3 6 7.45,m. (K.Ley and Seng, synth. , 
supra) . 

N19 

To 0.7 g of benzof uroxane and 0.3 g, 4.5 mM, 
5 malononitrile in 10 ml DMF at 0°C was added 0.3 ml EtjN. 
The color turned red. After 10 minutes in the cold and 1 
hour at room temperature 60 ml H2O was added and the 
reaction filtered to give 0.5 g of N19 as a orange solid, 
mp-265°C. NMR DMSO d^ 6 8.28-7.70, m. (Ley and Seng 
10 Synth, supra, reports a mp-232°C) . 

N21 

0.7 g of benzof uroxane, 1 g of a-chloro 3 , 4 -dihydroxy 
acetophenone and 1 g of 3 -phenyl propyl amine in 30 ml 
methanol were stirred at room temperature 1 hour. 

15 Filtering and washing with ethanol gave 0.96 g of N21 as 
a grey-white solid, mp-122**C. NMR acetone d^ 6 7,47 (2H,m) , 
7.20(9H,m), 6 . 88 ( IH, d, J=8 . 8 Hz, H5) , 4.B6{S), 

3.25(2H,t, J=7.0 Hz), 2 . 68 (2H, t , J=7 . 0 Hz), 1 . 90 (2H, quin . , 
J=7.0Hz)- MS-186 (M-02-Ph-Ph(OH)2, 15), 137(40), 118 (100), 

20 109(7) , 91(50) , m/e. 

N22 

0,7 g of benzof uroxane, 0.94 g of 2-chloro benzoyl 
acetonitrile and 10 ml NH3 in 30 ml methanol were stirred 
20 hours at room temperature. Workup (HjO, CH2CI2) and 
25 trituration with hexane gave 0.55 g of N22 as a yellow 
solid, mp-54°C, NMR CDCI3 5 7.50 m. MS-262(M-C1, 100%), 
246 (M-Cl-O, 55) , 232 (M-CI-NO2, 18), 204(22), m/e. 

N23 

0.7 g of benzof uroxane, 1.2 g of ethyl benzoyl acetate 
30 and 10 ml NH3 in 30 ml methanol were stirred 20 hours at 
room temperature. Workup, chromatography on silica gel 
(3% CH3OH in CH2CI2) and trituration with methanol gave 0.1 
g of N23 as a yellow solid, mp-95**C. NMR (TDClj 8.66, 
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7.91(4H,AA'BB'm), 7.54(5H,m), 4 . 27 (2H, q, J=7 . 0 Hz) 
1.07(3H,t,J=7.0 Hz) . 

N24 

N24 can be prepared as described by Ley and Sing 
5 Synthesis, supra. 

N25 

0.35 g of NIO, 90 mg of formaldehyde and 0.6 ml 
dimethyl amine (25% in water) in 30 ml methanol and 10 ml 
water were refluxed 2 hours. Workup (H3O, CH.Cl,) and 
chromatography on silica gel (elution with 2% CH3OH in 
CH,C1,) gave 0.1 g of N25 as a yellow solid, mp-122oc 
NMRCDCI36 8.65(2H,m), 7.90(3H,m), 7.62(2H,m), 7.51(2H,m). 
3.12(2H.t.J=6.8 Hz), 2 . 70 (2H, t , J=6 . 8 Hz), 2 . 08 {6H, S, CH3).. 

N26 



10 



15 



1.4 g of benzofuroxane, 1 . 2 g of acetyl acetone and 10 
ml Et3N in 20 ml methanol were stirred 24 hours at room 
temperature. WorJcup (H,0,HC1, CH.Cl,) chromatography 
(elution with 2% CH3OH in CH.Cl,) and trituration with 
CH,Cl3-hexane gave 0.15 g of N26 as a yellow solid, mp 
20 145«C. NMR CDCI3 6 8.60(2H,m), 7.90(2H,m), 

2.74(3H,S,acetyl), 2 . 53 {3H, S, CH3) . (c.H. Issidoredes 
M.J. Haddadin J. Org. Chem. , 31:4067 (1966), mp-i54oc 
78%, NMR CDCI3 6 8.48(2H,m), 7.76(2H,m), 2.66(3H,S)' 
2.45(3H,S)). 



25 N2 7 



1.5 g of benzofuroxane, 2 . 2 g of dibenzoyl methane and 
1 g KOH in 40 ml methanol were stirred 2 hours at room 
temperature. Filtering and washing with methanol gave 2.2 
g of N27 as a bright yellow solid, mp-243oc. (J Org 
30 Chen,, supra, mp-234oc). NMR CDCI3 6 8.70(m), 7.94(m), 
7.80(m), 7.60(m), 7.4(m). 



wo 95/24190 



PCTAJS95/02826 



87 

N28 

0.5 g N27 and 1 g KOH in 15 ml methanol were heated 10 
minutes at reflux, cooling and filtering gave 0.3 g of N28 
as a yellow solid, mp-207«C, NMR CDCI3 6 8.75, 8.63 {2H,m, 
5 Hs^g) , 8.50(1H,S,K2) , 7 , 90 (4H, m, Hj/Ph) , 7.56(3H,m). (J. 
Organic Chem. , supra mp-204°C) . 

Group III Compounds 
4-chloro cruinazoline 

4.6 g of 4-quinazolinone, 5 ml phosphorochloride 
10 {POCI3) and 5 ml dimethyl aniline in 50 ml toluene were 
refluxed 3.5 hours. Workup (NH3, HjO, EtAc) gave green 
oil. Chromatography on silica gel (CH2CI2) gave 1.48 g of 
4-chloro quinazoline as a light brown solid, mp-83°C, 29% 
yield. NMR CDCI3 6 9 .05 (1H,S) , 8.27(lH,m), 8.1-7.9 (2H,m), 
15 7.75(lH,m). 

Pica and PlQb 

a) 0.73 g of 4-chloro quinazoline and 0.58 g of 3- 
chloroaniline in 20 ml ethanol were refluxed 0.5 hour. 
Cooling and filtering gave 0.83 g of PlOa (HCl salt) as a, 

20 bright-yellow solid mp-240^C. 

b) 400 mg PlOa was treated with NajCOj - Hp and 
extracted with CH2CI2. Evaporation gave 0.28 g of PlOa as 
a green-white solid, mp-198°C, the free base. NMR CDCI3 6 
8.82(1H,S), 7.97-7.80(4H,m), 7.59{2H,m), 7 , 35 ( IH, t , J=8 . 3 

25 Hz) , 7.15 (lH,m) . 

6 -methyl 4 -cminazolinone 

8 g of 5-methyl 2-aminobenzoic acid and 15 ml 
formamide was heated at 170^C 1.5 hour. Water was added 
and the solid filtered to give 7.3 g of 6 -methyl 4- 
30 quinazolinone as a light brown-white solid, mp-268°C. 

8 -methyl 4 -quinazolinone 

6 g of 2 -amino 3 methyl benzoic acid and 8 ml 
formamide were heated at 170^C for 1.5 hours. Water was 
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added and solid filtered to provide 4.6 g of 8-n,ethyl 4- 
guxnazolinone as a white solid. n,p-260oc. nmr acetone d, 
6 8 14(lH,br,S), 8.06(1H,.,, 7.66(lH,m), 7.38(lHn.) 
2.58(3H,S). o»in,ra;, 

^ -8-Tnethvl 4 chlorn ^- 

■ 4 g of 8-methyl 4 -quinazolinone, 5 ml POCI3 and 5 ml 
dxmethyl aniline in 4 0 .1 toluene were refluxed 3.5 hours 
workup and trituration with hexane gave 2.e g of 8-.ethyl 
cnloro quanazoline, mp-l22oc. NMR CDCI3 6 9.07 (IH S) 
3 8.12(lH,d,J=7.7 Hz) 7ftMu^T.. ^-^MIH.S), 

7-8(lH,d,J=6.0 Hz), 7.60(1H f-i 
2.78(3H,S). '-bOllH.t), 

PI la anri PiiK 

a) 0.9 g of 8-methyl 4-chloro quinazoline, and 0.7 g 
Of m-chloroaniline in 20 .1 ethanol were refluxed 0 5 
hours. cooling and filtering gave 1 g of Pi.a (HCl salt) 

as a white solid mD-9:?9op Tr^r,^^ i_t 

or acetone. Insoluble .n H,0, EtOH, CH.Cl, 

b) 0.5 g Piia gave ii^, treatment with aqueous Na,C03 
and extracting with CH.Cl,) 0.I6 g of Piib as a white soiid 
^P-ISSOC. NMR CnCl3 a 8.87aH,S), 7 . 9^ (IH, t , . a H 
7.75-7.40(4H,.), 7.34(lH,t.a=7.7 Hz), 7 15 (IH ^ ' 
2.75(3H,S). '--LbUH,m), 

P12a arid Pi7h 

=, ot'l If ' °' "-'^''^--^-thyl <r.inazolin., and 0.29 
g =£ n,-chloroanili„e refluxed 0.5 hours, cooling and 

^P-^Is^c' ' °' '''' ^= ^ "W" 

0.32 g of P12a (Ka,CO„ H,0, CH.Cl,) gave 0.2 g of P12b 
as a white solid, „p-2iooc. NMR CDCl, 6 e.7e(lH S) 

'.3.(lH.t,a.8.0„.,, v.i^UH..,. 2.5S,3HS, 
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P13a and P13b 

a) 0.4 g of 4-chloro 6 , 7-dimethoxy guinazoline and 
0,24 g m-chloro aniline in 10 ml ethanol were refluxed 0.5 
hours. Cooling and filtering gave 0.52 g of P13a (HCl 
salt) as a white solid (P13a) , mp-270*='C. 

b) 0.4 g of P13a gave (Na2C03, HjO, CHjClj) , 70 mg of .Pi3b 
as a white solid, mp-177<>C. NMR CDCI3 6 8,68 {1H,S), 
7,83(1H,S), 7.5-7,l{5H,S) 4.0(6H,S). 

P14a and P14b 

a) 0.45 g of 4-chloro 6 -methyl quinazoline and 0.3 5 g, 
of 3,4-methylenedioxy aniline were refluxed in 25 ml 
ethanol 0.5 hour. Cooling and filtering gave P14a (HCl 
salt) as a light green solid (P14a) 0.61 g, mp-255 °C. 

0.4 g P14a gave (Na.COa, H^O, CH^Clj) 0.21 g P14b as a 
15 light brown solid, mp-203°C. NMR CDCI3 6 8 . 68 (IH, S , Hj) , 
7.80(lH,d, J=8.8 Hz^Hg) , 7.60(2H,Tn) , 7.35(lH,m) , 

6.95(lH,dd, J=8.8,2.5 Hz, H7) , 6 . 81 ( IH, d, J=8 , 2 Hz,H5') , 
6.0 (2H,S) , 2.54 (3H,S) . . 



10 



P15 

20 0.45 g of 4-chloro 6 -methyl quinazolone and 0.4 05 g, 

of m-trifluoromethylaniline in 20 ml ethanol were refluxed 
1 hour. Treatment with aqueous Na2C03 and extraction with 
CH2CI. gave 0.2 g of P15 as a white solid, mp-215°C, as the 
free base. NMR CDCI3 6 8.7B{1H,S), 8.06(2H,m), 

25 7.86(lH,d, J=7,6 Hz), 7.65(2H,m), 7 . 54 (IH, t , J=8 . 0 Hz), 
7.42(lH,m) , 2.58(3H,S) . 



Group IV Compounds 

010 

0.7 g of 2, 5-dihydroxy benzaldehyde and 0.75 g of 3- 
amino methyl benzoate in 40 ml methanol were refluxed 3 
hours, cooled, and 0.5 g sodiumcyanoborohydride (NaCNBH4) 
were added. After 12 hours at room temperature workup 
(HjO, EtAc) and chromatography (silica gel, elution with 5% 
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CH,OH in CH,C1,, gave 0.42 of Qlo as a light yallow solid 
m> 175«C. mR acetone-d. 6 7.7S. 6.68 (4H, ABq c -B 1 
H... 6.7, UH, d. .=3.0 6.72 UH. d, a-B s uTn ', 

e-SS an. d, ..8.S, 3.0HZ,H.,. 4.34 ,2„. s. CH.H, , 3 ; 
5 {3H, s, COOCHj) . 2 / , 

fill 

To 4 g m-chloro-aniline in 20 ml HCl and 20 ml ho 
cooled in ice, was added 2.4 g sodium nitrite (NaNO,)' 
durxng 0.5 hours. Then it was added into solution of 2 
g .alononitrile and lO g potassium acetate (KA,c in lOO ml 

temperature the solid was filtered, washed with water and 
dr.ed to gxve 2.4 g of Qii as a yellow solid, mp-i70oc 
NMR CDCI3 <5 7.4-7.2. m. ' P C. 



15 



20 



Other Comp minHc 

N29 

0 5 g N27 and 2 g sodiu. dithionit in 15 ml h,0 and 15 
ml methanol were heated at loo«c (o. 20 minutes. Cooling 

ael ^2'™!^ .'°"°'"' ^=3raphy on .ilic! 

ael (2. CH,OH in CH,C1, produce H29, O.OB g 10% yield mo- 



TrimethylP nP i T-bis ^r^^.^^r^^ 

2 2 g 30 mM, 1,3. diaminopropane and 5.4 g 60 mM 
methyl cyano acetate were stirred one hour at roo: 
25 temperature. Trituration with ethanol and filtering gave 
4.0 g, 74% yield, white solid, mp-148oc. MS-208(M^ 22%) 
140(10%,. 125(17%), 111(100%), 72(20%), m/e . 



R9 and pt:^ 



30 adH ^ ^-Phenyl-LZ-dioxo-propane in 40 .1 CHCl, was 

added dropwise 2.1 „1. 40 or bromine. After 4 hours 
at room temperature workup ,Hp. thiosulphate , CH,C1,) gave 
^■S 9. yellow Oil, pure <3-bromo-l,2-diox!-l- 
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phenyl -propane ) . NMR CDCI3 6 8.04 (2H,m), 7.65 (3H,in), 
4.39(2H.S). RS: To 4.9 g of the above 3 -bromo-1, 2-dioxo- 
l-phenyl -propane in 20 ml cold ethanol was added 2.93 g of 
4,5 dimethylphenylene diamine. After 10 minutes the 
5 reaction was filtered to give 3.7 g of R9 as a white 
solid, mp-144°C NMR CDCI3 b 7.88(2H,br. S) , 7.70(2H,m), 
7.5(3H,m), 4.73(2H,S, CHjBt) . 2 . 51 (6H, S, CH3) . 

R13: 0.4 g of 4,5-dimethyl phenylene diamine and 0.44 
g of 1, 2-dioxo-l-phenyl -propane in 20 ml ethanol were 
10 refluxed two hours. Cooling and filtering gave 0.6 g of 
R13 as a white solid mp-98''C. NMR CDCI3 6 7.84 (1H,S), 
7.78(1H,S), 7.60 (2H,m), 7.45{3H,m). 2 . 73 (3H, S, CH3 at 
position 2), 2.48{3H,S), 2.46(3H,S). 



15 



20 



RIO 



0.3 g of 3 .4-dihydroxy 5-bromo benzaldehyde , 0.15 g, 
of bis-cyanoacetamide, and 25 mg /?-alanine in 20 ml 
ethanol were refluxed 3 hours. Cooling and filtering gave 
0.24 g, 57% yield, yellow solid, mp-283°C. 



Rll 



0.33 g of R9, 0.08 g of 1,3-propane dithiol and 0.1 g 
postassium hydroxide (KOH) . in 25 ml ethanol were stirred 
24 hours at room temperature. Workup (Hp, CHoCl,) and 
trituration with hexane gave 0.18 g of Rii as a white 
solid, mp-165«C. NMR CDCI3 b 7.85 (2H,S), 7.82(2H,S), 
25 7.70(4H,m), 7.48(6H,m), 3.96(4H,S), 2 . 61 (4H, t , J=7 . 6 Hz ) . 



R12 



To 0.7 g of benzofuroxane and 1.2 g KOH in 20 ml Hp 
and 20 ml methanol was added 1.2 g of N-l-phenyl-n-propyl- 
cyanoacetamide . The color turned black-violet and then 
30 brown. After 1 hour at room temperature 1 ml HCl 
(concentrated) was added. Filtering gave 0.38 g of R12 as 
a yellow-brown solid (mp 165°). NMR CDCI3 6 7.82, 
7.48(4H,AA'BB'm) , 7.20{5H,m), 3 . 54 (2H, q, J=7 . 0 Hz), 
2.76(2H,t,J=7.0 Hz), 2 . 01 (2H, quin, J=7 . 0 Hz). MS- 
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10 



311 (M*, 10), 295(M-0,8), 278(M-0-OH, 11), 207(15), 145(18), 
91(100), m/e. 



R14 



1,8 g of 4,5-dichloro 1, 2-phenylene diamine and 1.5 g 
of phenyl glyoxal hydrate in 30 ml ethanol were refluxed 
2 hours. Cooling and filtering gave 2.2 g light violet 
solid. Evaporation and chromatography of the mother 
liquid gave 0.2 g of R14 as white solid, mp-155»C. 
Overall yield - 86%. nmR CDCI3 * 9.32 (1H,S,H2) , 
8.28(lH,br.S) , 8 .24 (lH,br.S) , 8.18(2H,m), 7.58{3H,m). 



R15 

0.92 of Ninhydrin and 0.68 g of 4,5-dimethyl 1,2- 
phenylene diamine in 20 ml ethanol were refluxed 1.5 
hours. Cooling and filtering gave 1.1 g of Ris as a 
15 yellow solid, mp-2560C. NMR CDCI3 6 8 . 05-7 . 50 (6H, m) , 
2.47(3H,S), 2.46(3H,S). 
Other embodiments are within the following claims. 
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CLAIMS 

1. A protein kinase inhibitor composition comprising 
a compound having the chemical formula: 



S 




wherein Rj, R^, and R3 is each independently selected 
from the group consisting of alkyl, alkenyl, alkynyl, 
alkoxy, alkylaryl, OH, amine, thioether, SH, halogen, 
hydrogen, NO2 and NH^; and R5 is an alkylaryl comprising an 
alkyl group and an aryl group having the following 
structure : 




wherein Xj, Xj, X3, X4, and X5 is each independently 
selected from the group consisting of hydrogen, halogen, 
alkyl, trihalomethyl, and NOj. 
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said R, xs OH, and said R, is hydrogen, and said con,pound 
sxgnaficantly inhibits HER-2 activity. ^°-P°und 

5 nh^ '\ ^""^ coTnposition of claim 2, further comprising a 
5 physiologically acceptable carrier. ' 



4 . 

is M13. 



The composition of claim i wh^T-Pin 

J., wnerein said compound 



5 A HER-2 protein kinase inhibitor composition 
comprising a compound having the chemical formula 




from the " independently selected 

from the group consisting of alkyl, alkenyl, alkynyl 
alkoxy, alkylaryl, OH, amine, thioether, sh, halZn' 
hydrogen, NO^ and NH^; ^^alogen, 

Y is either nothing, -C(CN)=C- ^iwi 
and . ^^^'^'-c . -alkyl- or -NH-alkyl-,- 

Rj is either CN or aryl, 

6- The composition of claim 7, wherein said aryl 
phenyl or pyridyl . ^ 

Of Claim 6, Wherein said aryl 
contains i to 5 substitutents independently selected fZl 



wo 95/24 190 PCT/US95/02826 



95 

the group consisting of: alkyl and OH; and the remaining 
substituents are hydrogen. 

8. The composition of claim 9, wherein said alkyl is 
either methyl, t-butyl or isopropyl. 

5 9. The composition of claim 9, wherein 1-3 of said 

substituents is selected from the group consisting of OH, 
methyl , t-butyl or isopropyl , 

10. The composition of claim 5, wherein said R, is t- 
butyl or isopropyl; 

10 said R2 is OH; 

said R3 is t-butyl or isopropyl; 
said Y is either CHj, or C(CN)=C; and 
said R5 is either CN, phenyl or pyridyl. 

11. The composition of claim 5, wherein said Rj is t- 
15 butyl or isopropyl ; 

said Rj is OH; 

said R3 is t-butyl or isopropyl; 

said Y is either nothing or a lower alkyl; and 

said R5 aryl is either phenyl or pyridyl. 

2^ 12. The composition of claim 5, wherein said R, is t- 

butyl or isopropyl ; 
said R2 is OH; . 

said R3 is t-butyl or isopropyl; 
said Y is -NH- lower alkyl-; and 
25 said Rj aryl is either phenyl or pyridyl. 

13. The composition of claim 5, wherein said compound 
is selected from the group consisting of: M26, M27, M29, 
M30, M32, M33, M34 , M37, M40, M41, M42, M43, M44 and M45. 

14 . A protein kinase inhibitor composition comprising 
3 0 a compound having the chemical formula: 
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wherein R., r,, ^ ^^^^ independently 

selected fro. the group consisting of alTcyl, alkenyl 

5 th ^ycirogen, OH, a.ine,' 

5 thioether, SH and NH^; and 

X,, X„ X3, X„ and X5 are each independently selected 
frorn the group consisting of hydrogen, halogen, trihalo- 
-thyl, alkyl, alkenyl, alkynyl, alkoxy, and NO,, provided 

unat at least one of x y v v 
10 trihalomethyl . 

15. The composition of claim 14, wherein said R. is 
OH, said R, is OH, said R3 is hydrogen, R, is hydrogen, and 
four of said X., X„ X3, X,, and X, is hydrogen. 

16. The composition of claim 15, wherein said 
15 compound inhibit HER- 2 activity. 

17. The composition of claim 15, further comprising 
a physiologically acceptable carrier. 

18. The composition of claim 15, wherein said 
compound is Ml 5. 
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19. A protein kinase inhibitor composition comprising 
a compound having the chemical formula: 




wherein -R, and R3 is each independently selected from 
the group consisting of alkyl, alkenyl, alkynyl, alkoxy, 
5 alkylaryl; and 

R4 is selected from the group consisting of alkyl, 
alkylaryl, thioamide, and amide. 

20. The composition of claim 19, wherein R, and R3 is 
each independently an alkyl. 

10 21. The composition of claim 20, wherein said 

compound inhibits HER-2 activity. 

22. The composition of claim 21, further comprising 
a physiologically acceptable carrier. 

23. The composition of claim 19, wherein said 
15 compound is Ml 9, Mil, Ml 8, and M17. 

24 . A protein kinase inhibitor composition comprising 
a compound having the chemical formula: 
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wherein R„ r,, r,, ^^^^ ^^^^ independently 

selected from the group consisting of alkyl, alkenyl. 
alkynyl, alkoxy, alkylaryl, OH, NO,, amine, thioether, SH 
nalogen, hydrogen and NH,; 
5 R,2 has the chemical structure: 



X, 



Wherein X. is either o or s and X, is either „ethyl or 
trihalomethyl ; and 

Ri3 is either aryl or alkylaryl. 

25. The composition of claim 24, wherein said R„ R„ 
K,, and R,o, are hydrogen; and said R,j is aryl. 
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26. The composition of claim 25, wherein said 
compound inhibits HER- 2 activity. 

27. The composition of claim 24, further comprising 
a physiologically acceptable carrier. 

5 28. The composition of claim 24, wherein said 

compound is either NIO or N12 . 

29. A protein kinase inhibitor composition comprising 
a compound selected from the group consisting of: M16, 
N17, N21, N22, N23, N29, RIO, Rll, and R12 . ' 

10 30. A method of treating a patient having a cell 

proliferative disorder comprising the step of 
administering to said patient a therapeutical effective 
amount of a compound having the chemical formula: 




wherein R,, r^, r^, and R, is each independently 
selected from the group consisting of alkyl, alkenyl, 
alkynyl, alkoxy, alkylaryl, OH, NO,, amine, thioether, SH,' 
halogen, hydrogen and NH,; and 

R, is selected from the group consisting of alkyl, 
alkylaryl, thioamide, amide, CN and sulfonyl. 
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31. The method of claim 30, wherein said disorder is 
characterized by abnormal or overactivity of HER-2. 

32. The method of claim 30 wherein said compound has 
the chemical formula: 




wherein R., r,, and R3 is each independently selected 
from the group consisting of alkyl, alkenyl, alkynyl 
alkoxy, alkylaryl, OH, amine, thioether, SH, hall^en' 
hydrogen, NO, and NH,,- and 

Rs is an alkylaryl comprising an alkyl group and an 
aryl group having the following structure: 




Wherein X., x„ x„ x„ and X, is each independently 
selected from the group consisting of hydrogen, halogen, 
alkyl, trihalomethyl, and NO3. 
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33. The method of claim 32, wherein said compound has 
the chemical formula: 



wherein R,, Rj, and R3 is each independently selected 
from the group consisting of alkyl, alkenyl, alkynyl, 
5 alkoxy, alkylaryl, OH, amine, thioether, SH, halogen, 
hydrogen, NOj and NH2; 

Y is either C(CN)=C or alkyl ; and 

R5 is either CN or aryl . 



34. The method of claim 30, wherein said compound has 



wherein R|, Rj, R3, and R^ is each independently 
selected from the group consisting of alkyl, alkenyl, 



O 




10 the chemical formula: 
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alkynyl, alkoxy, alkylaryl, halogen, hydrogen, OH, amine 
thioether, SH and NHj; and 

X,, X,, Xj, X4, and Xj are each independently selected 
from the group consisting of hydrogen, halogen, trihalo- 
methyl, alkyl, alkenyl, alkynyl. alkoxy, and NO,, provided 
that at least one of X„ X„ x„ x., and x, is a 
trihalomethyl . 

35. The method of claim 30, wherein said compound has 
the chemical formula: 




10 



wherein R. and R3 is each independently selected from 
the group consisting of alkyl, alkenyl, alkynyl, alkoxy, 



alkylaryl; and 

R4 is selected from the group consist 
alkylaryl, thioamide, and amide. 



ing of alkyl. 



15 



36. The method of claim 30, wherein said disorder i« 
characterized by inappropriate activity of EGF-R. 



37. 



20 



The 



method of claim 31, wherein said cell 
proliferative disorder is a cancer. 

38. The method of claim 37, wherein said cancer is 
selected from the group consisting of breast carcinomas, 
stomach adenocarcinomas, salivary gland adenocarcinomas, 
endometrial cancers, ovarian adenocarcinomas, gastric 
cancers, colorectal cancers, and glioblastomas. 
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39. The method of claim 38, wherein said cancer is 
breast cancer. 

40. A method of treating a patient having a cancer 
characterized by over-activity of HER2 comprising the step 
of administering to said patient a therapeutical effective 
amount of a compound selected from the group consisting 
of: 

a) a compound having the chemical formula: 




10 



15 



wherein R,, Rg, R^, and Rjq, is each independently 
selected from the group consisting of alkyl, alkenyl, 
alkynyl, alkoxy, alkylaryl, OH, NOj, amine, thioether SH, 
halogen, hydrogen and NHj; 

Ri2 is selected from the group consisting of alkyl, 
alkenyl, alkynyl, alkoxy., ester, amide, thioamide, 
alkylaryl, trihalomethyl, CN, OH, amine, thioether SH, NHj, 
and hydrogen; and 

Ri3 is selected from the group consisting of aryl, 
alkyl, alkenyl, alkynyl, CN, alkylaryl, amide, and 
thioamide ; 



eNSDOCin <WO 05?4I90A? i > 



wo 95/24190 



PCr/US95/02826 



104 



b) a compound having the chemical formulc 




wherein R,j, R,„ r„, r^^ r^^^ independently 
selected from the group consisting of hydrogen alkyl 
alkenyl, alkynyl, alkoxy, OH, NO,, amine, thioether, and 
5 SH; and 

Rm is selected from the group consisting of alkyl, 
aryl, and alkylaryl; 

c) a compound having the chemical formula: 




wherein R,,, r^, r^j, r^^^ j^^^ ^^^^ independently 

10 selected from the group consisting of hydrogen, halogen, 
OH, SH, alkyl, aryl, and trihaloalkyl ; 
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^26 



is either CHj or NH; 



R27 is either aryl or =C(CW)j; and 

is either nothing or H, provided that if r^^ is 
nothing a double bond is present between N and R„; and 
d) compound R9, Rii, R13, and R15. 



10 



41. A method of treating a patient having a cancer 
characterized by inappropriate activit of EGFR comprising 
the step of administering to said patient a therapeutical 
effective amount of a compound selected from the group 
consisting of : 

a) a compound having the chemical formula: 




15 



wherein R,, r^, Rj, and R^ is each independently 
selected from the group consisting of alkyl, alkenyl, 
alkynyl, alkoxy, alkylaryl, OH, amine, thioether, sh' 
halogen, hydrogen and NH,; R, is selected from the group 
consisting of alkyl, alkylaryl, amide, thioamide, and CN; 

b) a compound having the chemical formula: 
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10 



wherexn R,, r,, r^, and R,^, is each independently selected 
from the group consisting of alkyl, alkenyl, alkynyl, 
alkoxy, alkylaryl, OH, amine, thioether, SH, halogen 
hydrogen or NH2; 

Rn is selected from the group consisting of alkyl 
alkenyl. alkynyl , alkoxy, ester, amide, thioa.ide,' 
alkylaryl. trihalomethyl , CN, OH, SH, NH„ hydrogen, amine 
and thioether; and 

R,3 is selected from the group consisting of aryl 
alkyl, alkenyl, alkynyl, CN, alkylaryl, thioamide, and 

amide; 
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c) a compound having the chemical formula: 




wherein R,5, Rj^, R,,, R,g and R^^, is each independently 
selected from the group consisting of hydrogen alkyl, 
alkenyl, alkynyl, alkoxy, OH, amine, thioether and SH; and 
R20 selected from the group consisting of alkyl , aryl, or 
alkylaryl; and 

d) a compound having the chemical foirmula: 




wherein Rjj, R^,, R^j, R^^, and R-^, are each independently 
selected from the group consisting of hydrogen, halogen, 
10 OH, SH, alkyl, aryl, and trihaloalkyl ; 
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R26 is e ither CH, or NH; 

R27 is either aryl or =C(CN)j; 

e) compound R9, Rio, Rii, R13, rm, and R15. 

42. A method of determining whether a receptor 
5 tyrosine kinase is important for growth of a cell 
comprising the steps of: 

a) contacting said cell with a composition' comprising 
a compound which significantly inhibits the growth of a 
receptor tyrosine kinase activity selected from the group 

ITZllT ^""^ ^"^^ "^^^ 

b) measuring the growth of said cell after said 
contacting in said step (a) . 

"^^^ -The method of claim 42, wherein said compound 
15 sxgnxfrcantly inhibits said activity in a growth assay. 



BNSDOCIO <WO . 9S?4190A2 1 > 



wo 95/24190 



PCT/US95/02826 




Fig. 2 



BNSOOCID <WO 95?4i<OA? I > 



SililSnnilESIIE£T(6iIl£26) 



WO95C4190 



PCT/US95/02826 




2/12 



t-Bu 




t-Bu 



Mil 




Fig. 3a 

GROUP I 





M13 




Ml 4 



Fig. 3b 

GROUP I 





M15 



M16 



Fig.3c 

Group 1 

smiiESHEEr(sai£2S) 



wo 95/24190 



PCTAJS9S/02826 



3/12 




GROUP 1 




wo 95/24190 



PCTAJS95/02826 



4/12 

o 




GROUP 1 




H3C CH3 M28 

GROUP 1 

SOBSinUIE SHEET (RU!E 26) 



wo 95/24190 



PCTAJS95/02826 



5/12 




HgC^ XH3 IVI30 Pig 

GROUP 1 




M32 




M34 




H3C CH3 
CH, 



Fig. 3i 

GROUP 1 



M33 



BNSOCCID <WO 95?4icoAr 



S0BSnniIESfiEEr(IHILE26} 



wo 95/24190 



PCTAJS9S/02826 




A/135 



H3C CH3 




CN 



Fig. 3j 

GROUP I 




S0BSnnnESH£ET(R(n£2fi) 



wo 95A24190 



PCrAJS95/02826 





wo 95/24190 



PCTAJS9S/02826 



8/11 




Fig, 4c 

GROUP 2 



SUBSIITIIIESREEr(RlllE2S) 



wo 95^4190 



PCT/US9S/02826 



9/11 




Fig. 4e 

GROUP 2 



9S24190A2 I > 



SIIBSnniIESHSrpiE26) 



wo 95/24190 

PCT/US95/02826 




PI 2 

FigSa 

GROUPS 




FigSb 

GROUPS 



SIBSniUiESIIEEr(RliLE26) 



4 



WO 9S/24190 



PCT/US95/02826 



11/12 



OH 





COOCH, 



H 



OH Q10 




N 



NH 




CN 



ON 



Fig. 6 

GROUP 4 



CI 



Q11 




RIO 




N 



CM, 



R11 




R12 



Fig. 7 A 

OTHERS 



e^fSOOCrD <WO 9S^A\90A2 I > 



siiBsnnnESiiEEr0Hii£2S) 



wo 95/24190 

PCTAJS9S/02826 



12/12 




Fig 7c 

OTHERS 



SilBSIiniIESIiEEr([KliE26) 



WORLD INTELLECTUAL PROPERTY ORGANIZATIoff 
Iniemauona] Bureau 




PCX 

INTTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



I (SI) Intemaliooal Patent Classiflcatioo ^ : 

A61K 31/275, 31/495, 31/505, C07C 327/44, 
31in3, 317/14, 255/34, 241/5^ 



A3 



(11) iDtematJona] Publication Number: WO 95/24190 

(43) International Publication Date: 14 September 1995 (14.09.95) 



! (21) International Application Number: PCr/US95/02826 
I (22) International FiUng Date: 6 March 1995 (06.03.95) 



(30) Priority Data: 
08/207,933 



7 March 1994 (07.03.94) 



US 



(71) Applicants: SUGEN. INC. fUS/US]; 515 Galveston Drive, 
Redwood City. CA 94063-4720 (US). YISSUM RE- 
SEARCH DEVELOPMENT COMPANY [TML]; Hebrew 
University of Jenisalcm. 46 Jaboiinsky Street. P O Box 
4279. 76805 Jcnisalem (IL). 

I (72) Inventors: CHEN. Hui; 2449 Wavcrly Street. Palo AJto CA 
94301 (US). GAZnr. Aviv; Nof Harim 14, Jerusalem 
(IL). HIRTH. Klaus, Peter; 633 Grand View Avenue San 
Francisco. CA 941 14 (US). LEVTTZKI. Alex; 36 Palmach 
Street. Jeaisalem (IL). MANN, Elaina; 935 Independence 
Way. Alameda. CA 94501 (US). SHAWVER. Laura, K.; 
216 Cotter Street, San Francisco. CA 94112 (US). TSAl] 
Jianming; 176 Palm Avenue, San Francisco. CA 94118 
(US). TANG. Peng. Cho; 827 Camino Ricardo. Moraea 
CA 94556 (US). ^ * 

I (74) Agents: HEBER. Sheldon, O. et al.; Lyon & Lyon, Suite 4700 
633 West Fifth Street. Los Angeles. CA 90071-2066 (US),' 



(54) Title: 



(81) Designated States: AM. AT. AU. BB. BG, BR BY CA CH 
CN. CZ, DE, DK. EE, ES, H, GB. GE, HU. jp' Ke' KG 
KP. KR. K2. LK. LR. LT. LU. LV. MD. MG. MNMw' 
MX. NU NO. NZ. PU PT. RO, RU. SD. SE. SG. SI. SK 
TJ. TT. UA. UZ, VN. European patent (AT BE CH DE 
DK. ES. FR. GB. GR. IE IT. LU. MC. NL, PT SE) OAPI 
patent (BF, BJ. CF. CG. O. CM. GA. GN. ML MR NE 
SN. TD. TG). ARIPO patent (KE. MW, SD. S2,'uG).* 

Published 

WUh international search report 

(8S) Date of publication of the intemaUonal search report: 

9 November 1995 (09.11.95) 



?IS°^S?Sf'^ ''"'^'^ INHIBITORS FOR INHIBmNG CELL PROLIFERATIVE DISORDERS AND COMPO- 



I (57) Abstract 

aumcii aucn as cancers cnaractenzcd by ovcr-activity or inappropriate aaivity HER2 or EGFR. 



BNSOOCrD <WO 9524 190A? i > 



FOR THE PURPOSES OF INFORMATION ONLY 



GB United Kingdom 

CE Georgia 

CN Guinea 

GR Greece 

HU Hungary 

It licbnd 

IT Italy 

iP Japan 

KE Kcnyt 

KG Kyr^sUn 

KP Dcmocrauc People's Republic 

of Korea 

KR Republic of Korea 

KX Kuakhsun 

LI Liechicnuetn 

LK Sri Lanka 

LU Uixemboufj 

LV LafvU 

MC Monaco 

MD Republic of Moldova 

MC M^iagascar 

ML Mali- 

MN Mongolia 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Buficioa Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African 


CG 


Congo 


CH 


Switzerland 


CI 


CAtc d'lvoin 


CM 


Cameroon 


CN 


China 


cs 


Czechoslovakia 


cz 


Czech Republic 


DE 


Germany 


DK 


Dennwt 


ES 


Spain 


n 


Finland 


FR 


France 


CA 


Gabon 



MR 


Mauritania 


MW 


Mabwi 


NE 


Niger 


NX 


fatherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


PomigaJ 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TO 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United States of Aitrrica 


uz 


Urbekistn 


VN 


Viei Nam 



EWSOOCIO <WO 9S24190A? i > 



nONAL SEARCH KiO^Ki 



lAl ApplJCAlion No 

S 95/02826 



I 'in?^^*'"*^Jl^'i9'' SUBJECT MATTER ~ 

^ nfil^llC^'^^ A61K3 1/495 A61K31/505 C07C327/44 C07C311/13 
C07C317/14 C07C255/34 C07D241/52 



Accordini to Intenmioaal Patenc aattificttion (IPC) or to boch niftocui clamfictfion «nd IPC 



B. nELX>S SEARCHED 



Minmium ^^^^^g*^^*^ 'c07? ^^COTD****" ^^"^ followid by daotficxtioa lymbols) 



Documoiution scvched other (hin minimum documenuaoo to the extent thit nich documentt an mctuded tn the fields scwdied 



Electronic d^u bise connilted during the inUmationA) search (name of daU hue *nd, where pnctjcal, search Xams lised) 



C. DOCUMEhfTS CONSIDERED TO BE RELEVANT 



Category ' 



Gution of document, »ith mdiution. where appropnate. of the rtlerant panages 



EP.A,0 537 742 (MITSUBISHI KASEI CORP.) 21 
April 1993 ^ 
see table 1: compound 23 

BIOCHEMISTRY, 
vol. 32, 1993 
pages 4650-4658, 

M OHMICHI ET AL. -The Tyrosine Kinase 
Inhibitor Tyrphostin Blocks the Cellular 
Actions of Nerve Growth Factor* 
cited in the application 
see compound: AG 879 

^M,0 566 226 (ZENECA LIMITED) 20 October 

cited in the application 
see claims 1-12 
see page 58 



Relevant to claim No. 



•E 



fx] Further documcnti arc luted m the continuation of box C. 
• Speaal caiegoncs of oicd documents : 

^ ^^Hh'^ '^iir*,*' ***** " not 

considered to be of pamculir relevance 

fihiV iu^"*' PuWid^d on or after the intmutioTial 
'L' document which may throw doubts on pnonty dairrt's^ or 
^on^'^^r Pubhcati'on^^ of ^She^ 

ataoon or other rpeaal reason (as specified) 

^ tSSTiJSiiS^^"* to an oral disdosurt. use, exhibition or 

^ published pnor to the international filing dau but 

liter than the pnonty ditc claimed * 

1 I Dau of the actual completion of the inienunonaJ search 

26 July 1995 



19.20 



19.20 



40 



jlT] '^"ent family memben are listed in annex. 



liter document publi^ after the international filing date 
or pnonty date and not in conflict with the application but 
oted to undemand the pnndple or theory underlying the 
mvtntion 

document of particular rdevance; the daimed invention 
cannot be oonadered novel or cannot be considered to 
involve an mvenove step when the document is taken alone 
document of particular relevance; the daimed invenoon 
22!12U5^ to involve an mvenbv* step when die 

oocument is oomtancd with one or more other such docu- 
menu, such combination being obvious to a ocrson skilled 
m the an. 



'A' document member of the tame patent family 
Date of mailing of the intenuaonal search lepon 

-6. 09.95 



Name and mailmg address of the ISA 

NrSfo W,;^^- 581. Patentlaan . 
Td. ( * 31-72 WO-2040. Tx. 31 6SI epo nl, 
Fajc(^ 3170) 340-1016 

Fofin PCT/UA./3I0 (woon4 fhwi) (Jwty iff}} 



Authonzed ofTicer 



Goetz, G 



page 1 of 2 



INTERNATIONAL SEARCH R 



I <^-<C«»"""«'<»n) DOCUM Ehfn CONSfDERED TO BE RELivA>?r 

J. ORG. CHEM.. 
vol. 31, no. 12, 1966 
pages 4067-4068, 

C H. ISSIDORIOES, M. J. HAODADIN 
Benzofuran Oxide. II: Reactions with 
Enolate anions' 
cited in the application 
see the whole document 

J. BIOL. CHEM., 
vol. 268, no. 15, 1993 
pages 11134-11142, 

?hJ^?°-H^^ 'Selective Inhibition 

HER2/NEU Receptors by Tyrphostins' 
cited in the application 
see the whole document 

J BIOL. CHEM., 
vol. 267, no. 7, 1992 
pages 4518-4523, 

M. ANAFI ET AL. 'Selective Interactions 

!i J^'IJp T'"^."*^.^*"""*^ ^''l Proteins 
T : Tyrosine-Copolymer Substrates 
and Tyrphostins' 
see the whole document 



•i*" «I Applicuoo No 

PCT/US 95/02826 



jneicvintioclaim No. 



24 



21 



19 



Fan. PCT.«^aiO (».«««.«« ,r 

PNPnon-p <wo ssyiisxiAj i , 



page 2 of 2 



